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PREFACE TO THE SIXTH EDITION. 



The Sixth Edition has been carefully revised, additional 
information being added to the Appendix ; there has also been 
added a valuable contribution on Electrical Science and Practice 
by Principal Jamieson, O.E., r.R.S.E. 

The Index has further been remodelled and very much 
extended, and will thus prove more useful for reference to 
Students. 

W. J. M. 

Glasgow, December, 1882, 



PEEFACE TO THE THIRD EDITION. 



The object of this book is to provide, in moderate bulk, a ooUeo- 
fcion of Kules and Tables relating to those parts of mathematical 
and mechanical science whose application most frequently occurs 
in the useful arts, and especially in engineering and practical 
mechanics. The use of algebraical symbols is avoided, except in 
those cases in which the rules cannot be clearly expressed without 
them. 

The rules and tables of the First Part belong to Arithmetic 
and Mensuration. The tables of well-known quantities, such as 
squares, cubes, and logarithms, have been drawn from the most 
trustworthy sources, and their accuracy independently tested 
throughoiit ; the circumferences and areas of circles may be relied 
on to the last figure. The table of trigonometrical functions con- 
sists of only a single page; but it is sufficient, nevertheless, for the 
solution of such problems in practical mechanics as involve the use 
of those functions; for purposes of Geodesy, the only proper trig- 
onometrical tables are such as fill a large part of a bulky volume. 
The summary of the rules of trigonometry is complete. Great 
care has been bestowed on the arrangement and explanation of 
those important rules which relate to the measurement of the areas 
of surfaces, volumes of solid figures, and lengths of curves, and the 
finding of the centres of magnitude of all those classes of figures. 

The Second Part relates to the MeaaureSy commonly so called, of 
different nations, and contains tables and rules relating not only 
to measures of angles, time, length, surface, volume, weight, and 
value, but to those of quantities more or less complex, such as 
speed, heaviness, pressure, work, power, moment, absolute force, 
and heat. The values of the various tmits of measure mentioned 
are compared with the standards of the British legal system, and 
of the metrical system (whose use is now permitted in Britain) ; 
and those standards are compared with each other according to the 
best authorities— viz., the paper of Prof. Airy, Astronomer-Royal, 
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on " Standards of Measure," and that of Professor Miller on the 
"Standard Pound." (In the Second Edition, those comparisons 
were brought into conformity with the work of Captain Clarke, 
R.E., on " Standards of Length"). 

The Third Part relates to Engineering Geodesy, comprehending 
surveying, levelling, and the setting out of works. The rules 
which depend on the figure and dimensions of the earth, such, as 
those for calculating the lengths of arcs of the meridian, and of arcs 
intersecting the meridian at different angles, are founded on the 
most probable determinations of the earth's dimensions. The rules 
for the setting out of works comprehend directions for ranging 
curves on lines of i-ailway, and for easing the changes of curvature 
at the junctions of such curves with each other, and with straight 
lines. The Part concludes with a system of rules for the measure- 
ment of earthwork. 

The Fourth Part relates to Distributed Forces and Mechanical 
Centres. It includes tables of heaviness and specific gravity, and 
of expansion by heat; and rules for finding centres of gravity, 
moments of weight and of inertia, centres of pressure, centres of 
percussion, and centres of buoyancy. 

The Fifth Part relates to the Balance and Stability of Structures, 
including frames, chains, and arched ribs, retaining walls, piers and 
abutments, arches of masonry, and foundations of different kinds. 

The Sixth Part relates to the Strength of Materials. It com- 
mences with a series of tables of the resistance of various kinds of 
materials to straining actions of different kinds ; followed by rules 
for the computation of the strength of materials in the various 
forms in which they are used in structures and machines ; such as 
ties, pipes and cylinders, pillars, axles, beams, chains, and arches. 

The Seventh Part relates to Machines in general ; giving in the 
first place rules for the comparison of the motions of different points 
in a machine, and for the designing of the more important parts of 
mechanism, such as wheels and their teeth, speed-cones, parallel 
motions, &c. These are followed by rules relating to the work of 
machines at uniform speed and at varying speed, to centrifugal 
force, the balancing of machinery, and the use of fly-wheels ; and 
by directions how the rules of the sixth part are to be applied to 
the strength of machineiy. In the course of this Part^ rules are 
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given for the resistance of carriages on roads and railways, the 
tractive power of locomotives, and the ruling gradients of railways. 
The Part concludes with rules as to the power of horses and other 
animals, and of men, and a table of the quantity of labour required 
in various operations. 

In the Eighth Part are given rules applicable to Hydraulic and 
Marine Engineering; such as those which determine the head re- 
quired to produce a given discharge of water through a given 
channel or pipe ; the discharge from a given outlet with a given 
head ; the dimensions of the pipe or channel required to discharge 
water at a given rate with a given head; and the strength of water- 
pipes. Then follow rules for the designing of hydraulic prime 
movers ; such as vertical water-wheels, overshot or undershot, and 
turbines; then rules applicable to windmills. Lastly, rules are 
given for the estimation of the resistance of water to the motion of 
ships ; for the determination of the proper dimensions of propelling 
instruments of different kinds, jets, paddles, or screws, and of the 
engine-power required to drive them; and for calculating the 
quantity of sail which a given ship can safely carry ; — all founded 
on practical experience on the large scale. 

The Ninth Part relates to Heat and the Steam Engine. It con« 
tains a system of rules and tables founded on the true principles of 
thermodynamics, and at the same time reduced to a degree of 
brevity and simplicity which it is believed has not hitherto been 
attained, for determining the relations between work done and 
heat expended in any actual or proposed 'steam engine. Those 
are followed by rules for fixing the leading dimensions of the 
principal parts of an engine required to do a given duty under 
given circumstances : for the heating power and the expenditure 
of fuel : for the efficiency and dimensions of furnaces and boilers ; 
and for the proportioning of slide-valve gear, link-motions, and 
other fittings of steam engines. At the end of the text is a 
plate containing a pair of diagrams of the mechanical properties of 
steam, by the use of which much of the labour of calculation may 
be saved; and this is followed by a very full alphabetical index. 

In this Third Edition various corrections, amendments, and 
additions have been made. 

W. J. M. R 

Glajsgow Uktvebsitt, 1868. 
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In adding to the Sixth Edition of this work, at the request 
of the Publishers, an Appendix comprising Rules, Tables, and 
Formulse for the use of Electricians and Telegraph Engineers, 
I have to express mj obligations to the authors of several 
standard works, and to all who have favoured me with original 
and valuable communications in reference to the different branches 
of the subject. 

Especially my thanks are due to Sir William Thomson, F.R.S. ; 
Professor Fleeming Jenkin, F.RS. j Professor Everett, F.R.S.; 
William Shuter, Esq., Manager of the Telegraph Construction 
and Maintenance Company; Messrs. Clark, Forde & Taylor, 
Consulting Engineers; Dr. Muirhead; Messrs. Elliott Brothers; 
Mr. Thomas Gray, F.R.S.E. ; Mr. John Munro, Consulting 
Electrician ; Mr. Herbert Sullivan ; and Mr. W. Raitt^ B.Sc. 
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PART 1. 

NUMBERS AND FIGURES. 
Table 1. — Squabes, Cubes, Becipbocals, and Commov 

LOOABITHMS OF NuiiBEBS FBOM 101 TO 999. 

Explanation. 

Squa/reSy CubeSy and RedprocaiU, 

1. The square, cube, and recipi*ocal of 1 are each of them 1. 

2. The square of any integer power of 10 is 1 followed by twice 
as many noughts as there are in the original number; for example, 
102 = 100; 1002=10000, &c. 

3. The cube of any integer power of 10 is 1 followed by thrice 
as many noughts as there are in the original number; for example, 
102 = 1000 ; 1002 _ 1000000, &c. 

4. The reciprocal of any integer power of 10 is 1 preceded by a 
decimal point, and by one nought fewer than the original nimiber 
contains. For example, 

11 1 

— —'l* _- — •01- __— — '001 ike 
lO""^ TOO"^' 1000"" ""^'*^^- 

5. The table gives the squares and cubes of all integer numbers 
consisting of three figures. To find the square and cube of any 
integer number consisting of two figures or one figure; annex one 
or two noughts, as the case may be; look for the number so formed 
in the left-hand column^ take the square and cube opposite to i^ 
and omit the noughts frofn the right of each of them. ' For example 
to find the square and cube of 15; look for 150; then we find 





Number. 
150 




Square. 
22500 


Cube. 
3375000 


from which^ 


omitting 


the 


noughts, we 


obtain 




15 




225 

B 


3375 
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Agaioy to find the square and cube of 7, look for 700; then we 
find 

Number. Sqiiareu Gabe. 

700 490000 343000000 

from which, omitting the noughts, we obtain 

7 49 343 

6. To find the square and cube of a number consisting of three 
figures followed by noughts ; find the square and cube opposite the 
first three figures in the table ; annex twice as many noughts to 
the square, and thrice as many noughts to the cube. For example. 



Nnmber. 


Square. 


Cube. 


377 


I42129 


S3582633 


3770 


I 42 I 2900 


53582633000 


37700 


142 I 290000 

and so on. 


53582633000000 



7. The square and cube of a number consisting either wholly or 
partly of decimal fractions consist of the same figures as if the 
number were an integer; but the square contains twice as many, 
and the cube thrice as many places of decimals as the original 
number. The proper number of places is to be made up by pre- 
fixing noughts when required. Por example, 



Nnmber. 


Sqnora 


Cube. 


377 


I42129 


53582633 


377 


1421*29 


53582-633 


377 


14*2129 


53582633 


•377 


'142129 


•053582633 


•0377 


•00 1 42 1 29 

and so on. 


'000053582633 



8. The reciprocals given in the table are those of integers of 
three figures. For every nought that is annexed to the rigM of 
the original number, a nought is to be inserted at the left of the 
reciprocal ; and for every place of decimals that is cut off at the 
right of the original number, the decimal point is to be shifted one 
place to the right in the reciprocal. For example. 



Number. 




Bedprocal. 


160 




•00625 


1600 




•000625 


16000 




•0000625 




and 


SO on; 


16 




•0625 


1-6 




•625 


•16 




625 


•016 




62-5 


'0016 




625 




and so on. 
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9. The reciprocal of the reciprocal of a number is the otigiiud 
number itsel£ For example, 

The reciprocal of i6o is '00625 
The reciprocal of "00625 is 160 

Hence, when convenient, the reciprocal of a number may some- 
times be found by looking for the number in the column of reci- 
procals, and the reciprocal in the column of original numbei*8. 

10. To reduce a vulgar fraction to a decimal fnict ion ; multiply 
the reciprocal oi the denominator of the vulgar fraction by the 
numerator. For example, to reduce 11-1 Gths to a decimal 
fraction; 

Reciprocal of 16, *o625 

X Numerator, 11 

•6875 Answer. 

KoTE. — The only numbers whose reciprocals can be expressed 
exacdy in decimal fractions are 2, 5, and their powers and pro- 
ducts. Numbers divisible by any other prime factor give either 
repeating or circulating decimals as their reciprocals. 

11. The square of the product of two numbers is the product of 
their squares; the cube of their product is the product of their cubea 
For example, 

19982 = (999 X 2)2 = 9992 x 22 
= 998001x4 = 3992004; 

19983 = (999 X 2)3 = 999»x2» 
= 997002999 x 8 = 7976023992. 

12. To find the square or cube of a quotient or fraction; divide 
the square or cube of the dividend or numerator by the square or 
cube of the divisor or denominator. For example, 

(^y = ^ = ^=249500-25; 

13. To find the square of the sum of two numbers; add together 
their squares and twice their product. For example, to find the 
square of 37725 = 37700 + 25 ; 

377002=1421290000 

252= 625 

37700 X 25 X 2 = 1885000 

377252 = 1423175625 Sum. 

14. To find the square of the difference of two cumbers; froD* 
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the sum of their squares subtract twice their product Example : 
to find the square of 37725 = 37800 - 75; 

378002 = 1428840000 
752= 5625 

1428845625 J^m. 
37800 X 75 X 2 5670000 Subtracted 

377252 (as before) 1423175625 Reraainder. 

15. To find the cube of the sum of two numbers ; add together the 
cubes of the numbers and three times the square of each multiplied 
by the other. 

For example, to find the cube of 37725 = 37700 + 25-, 

37700* = 53582633000000 
258= 15625 

377002 X 25 X 3 

= 1421290000 X 25 x 3= 106596750000 
37700 X 252 X 3 = 70687500 

377258= 53689300453125 Sum. 

16. To find the cube of the difference of two numbers; to the 
cube of each of them add three times its product by the square of 
the other; subtract the less of those sums from the greater. For 
example, to find the cube of 37725 = 37800 - 75; 

378008 = 54010152000000 
37800 X 752 X 3 = 637875000 



758= 421875 

75 X 378002 X 3 = 321489000000 



54010789875000 Sum, 



321489421875 Sum, 



377258 (as before) 53689300453125 Diff. 

Extrcustion qf Square and Cube Boots. 

17. For convenience in the extraction of roots, the squares in 
the table are divided into periods of two figures, commencing at the 
right, the left-hand period sometimes containing one figure only ; 
and the cubes are divided into periods of three figures, commenciug 
at the right, the left-hand period sometimes containing two figures 
or one figure only. The number of periods in the square and the 
cube respectively is the same with the number of figures in the 
root, or original number; and should there be a decimal point 
between two figures of the root, the decimal points in the square^ 
and cube respectively are between the periods corresponding to 
those figures. ^For examples, see Articles 6 and 7.) 

18. To find tne square root of an exact square of not more than 
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Rix figures; divide the given square into |)eriods of two figures^ 
beginning at the decimal point ; look in the column of squares for 
the same figures, similarly divided into periods; the root will be 
opposite. Then place the decimal point so that the root shall have 
the same number of integer figures that the square has of integer 
periods. 

19. To extract the approximate square root of a given number 
that is not an exact square, correct to three figures; divide the 
given number into periods of two figures, commencing at the 
decimal point; then look in the column of squares for the nearest 
square tJuU lias the same lefi-Juind period with the given number ; the 
root opposite that square will give the first three figures of the 
required root. Then place the decimal point as directed in 
Rule 18. 

20. To extract the approximate square root of a given number 
having three periods of figures that is not an exact square, correct 
to five places of figures. For the first three figures, take the root 
of that square in the table which is next below the given number, 
and has its hft-liand period the same. Subtract that square from 
the given number; annex two noughts to the remainder; then 
divide it by the sum of the three figures found and the next greater 
root in the table; the integer figures of the quotient will be the 
two additional figures of the approximate root. (Should there 
be but one integer figure in i^e quotient, insert a nought 
before it.) ' 

Examples of Rules 18, 19, and 20. 

L Extract the square root of 1421 '29. Divide this number 
into periods of two figures, thus, 14 21 '29. Then amongst 
the squares in the table whose lefb-hand period is 14 is found 
142129, the square of 377; so that the given number is an 
exact square. The decimal point coming between the second and 
third periods of the square shows that the decimal point comes 
between the second and third figures of the root; which is there- 
fore 37-7. 

IL Extract the approximate square root of 1423*18, correct to 
three figures. Divide the number into periods of two figures, thus, 
14 23 -18. 

Given number, 14 23 *18 

Nearest square of which the K ^ gl -29 = 37 •7« 
left-hand period is 14, j 

Therefore 37*7 is the approximate root required. 

nL Extract the approximate square root of 1423*18, correct to 
five figures; 
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ft 

GiT«n iramber, in x)eriods as be£>re, 14 23 *18 

Next less square in the table, 14 21 -29 = 37 7* 

Divide by Sn + 378 = 755 ) 1 8900 Z^t^ 

Quotient^ being the two additional £gures required, 25; 

37*7^5, approximate root 

Note. — ^It is essential that the left-hand period, and not merely 
the left-hand figures, of the square in the table should agree with 
the given number; otherwise great errors will arise. . In the 
IBxamples given the same left-hand figures are found in 14161, the 
square of 119, as in the given number; but the leffc-hand period is 
imly 1 instead of 14; and it would be a great error to take 119 as 
ttn approximation to the root required. 

The same remark applies to the rules for extracting the cube 
root, now about to be given. 

21. To find "ttie cube root of an exact cube of not more than 
nine figures ; divide the given cube into periods of three figures, 
beginning at the decimal point; look in the column of c^bes for 
the same figures similarly divided into periods; the root will be 
opposite. Then place the decimal point so that the root shall have 
%!he same number of integer figures that the cube has of integer 
periods. 

22. To extract the approximate cube root of a given number 
that is not an exact cube, correct to three figures; divide the 
given number into periods of three figures, commencing at tlie 
decimal point; then look in the column of cubes for the nearest 
cube that lias the same left-hand period with the given number ; the 
root opposite that square will be the required approximate root. 

23. To extract the approximate cube root of a given number 
having tliree periods of figures that is not an exact cube, correct 
to five places of figures. For the first three figures, take the root 
of that cube in the table which is next below the given number, 
and has its left-hand period the same. Subtract that cube from the 
given number; annex two noughts to the remainder; then divide 
it by the three figures already found, by the same three figures 
plus one, and by 3 ; the integer figures of the quoti^it will be the 
two additional figures of the approximate root. (Should there be 
but one integer figure in the quotient, insert a nought belbre it). 

Examples of Eules 21, 22, and 23. 

I. Extract the cube root of 53*582633. Divide the number into 
periods of three figures, beginning at the decimal point, thus, 
53*582 633. Then amongst the cubes in the table whose left-hand 
period is 53 there is found 53 582 633, the cube of 377 ; so that the 
given number is an exact cube. The decimal point coming between 
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the first and second periods in the cube shows that the decimal 
point comes between the first and second periods in the root; 
which is therefore 3*77. 

II. Extnfcct the approximate cnbe root of 53*6893, correct to 
three fignres. Divide the number into periods of thrae figures^ 
thus, 53-689 300. Then w© have, 

Given number, 53* 689 300 

Nearest cube of which the ) ;.«. ^qo «qq o t'^a 
left-hand periods 53,... 1*3 *«2 633 = 3-7/» 

Therefore 3*77 is the approximate root required. 

III. Extract the approximate cube root of 53*6893, correct ta 
£ve figures. 

Given number, in periods as before,... 53* 689 300 

Next less cube in the table, .53* 582 633 = 3-77» 

Divide by 877 ) 106 667 00 Diff. 

Divide by 378 ) 282 93 

Divide by 3 ) 75 

Quotient, being the two additional figures required, 25 

3*7725, approximate root. 

Use qfSquarmfor JIlfMplication, 

24. To multiply two numbers together by means of a table of 
squares. 

Case L If both numbers are odd, or both even; from the square 
of their half-sum subtract the square of their half-difiercnce; the 
remainder will be the product required. 

Case II. If one number is odd, and the other even ; subtract 
1 from the even number, so as to leave an odd remainder; 
multiply the first odd number and the odd remainder together as 
in Case I, and to their product add the first odd number; the sum 
will be the product required. 

Example I.— Multiply together 377 and 591 



Half-sum, -=- = 484 ; its square, 234256 

-^ 214 

Half-diE, -gl= 107 ; its square, 11449 

Product required, 222807 

Example IL — Multiply together 377 and 592. 
377 X 591, by Case I. = 222807 

Add 377 

Product required, 223184 



8 NUMBERS AND FIGURES. 

Common Logarithms, 

25. The logarithm of 1 is 0. 

26. The common logarithm of 10 is 1, and that of any power of 
10 is the index of that power; in other words, it is equal to the 
number of noughts in the power; thus the common logarithm of 
100 is 2 ; that of 1000, 3; and so on. 

27. The common logarithm of '1 is — 1, and that of any power 
of "1 is the index of that power with the negative sign; that is, it 
is equal to oue more than the number of noughts between the 
decimal point and the figure 1, with the negative sign ; for example, 
the common logarithm of '01 is— 2; that of '001, — 3; and so on. 

28. The logarithms given in the table ave merely the fractional 
parts of the logarithms, correct to ^ve places of decimals, without 
the integral parts or indices; which are supplied in each case 
according to the following rules : — 

The index of the common logarithm of a number not less than 
1 is one less than the number of integer places of figures in that 
number; that is to say, for numbers less than 10 and not less than 
1, the index is ; for numbers less than 100 and not less than 10, 
the index is 1 ; for numbers less than 1000 and not less than 100, 
the index is 2 ; and so on. 

The index of the common logarithm of a decimal fraction less 
than 1 is negative, and is one more than the number of noughts 
between the decimal point and the significant figures; and the 
negative sign is usually written above instead of before the index; 
that is to say, for numbers less than 1 and not less than *1, the 

index is 1; for numbers less than *1 and not less than *01, the 

index is 2 ; and so on. 

The fractional part of a common logarithm is always positive, 
and depends solely upon the series of figures of which the number 
consists, and not upon the place of the decimal point amongst 
them. 



Examples. 




Number. 


Logarithm. 


377000 


5-57<534 


37700 


457634 


3770 


357634 


377 


2*57634 


377 


1-57634 


377 


0*57634 


•377 


1*57634 


•0377 


£•57634 


•00377 


357634 


 and so on. 
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29. The logarithm of a product is the sum of the logarithms of 
its factors. 

30. The logarithm of a power is equal to the logarithm of the 
root multiplied by the index of the power. 

31. The logarithm of a quotient is found by subtracting the 
logarithm of the divisor from the logarithm of the dividend. 

32. The logarithm of a root is found by diriding the logarithm 
of one of its powers by the index of that power. 

Note. — In applying the principles 29 and 31 to logarithms of 
numbers less than 1, it is to be observed that negative indices are 
to be subtracted instead of being added, and added instead of being 
subtracted. 

33. To avoid the inconvenience which attends the use of negative 
indices to logarithms, it is a very common practice to put, instead 
of a negative index to the logarithm of a fraction, the complemerU 

(as it is called) of that index to 10; that is to say, 9 instead of T, 

8 instead of?, 7 instead of 3, and so on. In such cases, it is always 
to be understood that each such complementary index has — 10 
combined with it; and to prevent mistakes, it is useful to prefix 
— 10 + to it; for example, 

-NTnmfvki. Logarithm 'with Logarithm with 

wumoer. Negative Index. Complementary IndML 

•377 T-57634 --10 + 9-57634 

•0377 2-57634 - 10 + 8-57634 

•00377 3-57634 - 10 + 7-57634 

34. To find the fractional part of the common logarithm of a 
number of five places of figures; take from the table the logarithm 
corresponding to the first three figures, and the difference between 
that logarithm and the next greater logarithm in the table; mul- 
tiply that difference by the two remaining figures of the given 
number, and divide by 100; the quotient will be a correction, to 
be added to the logarithm already found. 

Example. — Find the common logarithm of 37725. 

Log. 377, 57634 

Log. 378, .57749 

Difference, 115 

x25 -r 100 

Correction, 29 

Add log. 377, 57634 

Log. 37725, 57663 Answer. 

35. To find the natural number, or arUilogarUhm, corresponding 
to a common logarithm of five places of decimals, which is not in 
the table; find the next less, and the next greater logarithm in 
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%he ti^ble, and take tbeir difference. Opposite tiie next less 
logarithm will be the first three figures of the antilogarithm. 
Subtract the next less logarithm from the given logarithm ; annex 
two noughts to the remainder, and divide bj the before-mentioned 
difference; the quotient will give two additional figures of the 
required antilogarithm. (The first of those figures maj be a 
sought) 

Example. — Find the antilogarithm of the common logarithm 

Next less log. in table, 57634 

Next greater, 57749 

Diffopenoe, «.... 115 

Given logarithm, 57663 

Subtract log. 377, 57634 

Divide hy difference, 115)2900 

Two additional figures,... 25 

to that the answer is 37T25. 



Explanation of Table 1a and Table 2. 

Table I A, immediately following Table 1, gives the approximate 
square roots, cube roots, and reciprocals of the prime numbers 
from 2 to 97 inclusive; the roots to sefven, and the reciprocals to 
nine places of dedmiUs. 

Table 2, following Table 1 A, gives the squares and fifth powers 
of numbers from 10 to 99 inclnsiva 
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No. 


Sqtiare. 


Ciihr. 


ReciprocaL 


C Los. 


lOI 


I 02 01 


I 030 301 


•009900990 


00432 


102 


10404 


z 061 208 


'009803922 


00860 


103 


... I 06 09 


... 1092727 


-009708738 


01284 


104 


I 08 16 


I 124864 


•009615385 


01703 


105 


I 1025 


I 157 625 


•009523810 


O2II9 


106 


... I 12 36 


... I 191 016 


-009433962 


02531 


T07 


I 14 49 


I 225 043 


•009345794 


02938 


108 


I 16 64 


I 259712 


•009259259 


03342 


109 


... X 18 81 


... I 295 029 


*oo9i743i2 


03743 


IIO 


I 21 00 


1331000 


•009090909 


04139 


III 


I 23 21 


I 367 631 


^09009009 


04532 


! 112 


... 12544 


... I 404 928 


-008928571 


04922 


"3 


I 27 69 


1442897 


•008849558 


05308 


"4 


I 2996 


I 481 544 


'008771930 


05690 


"5 


... 13255 


... 1520875 


-008695652 


06070 


116 


I34 5<5 


I 560 896 


•008620690 


06446 


117 


13689 


z 601 613 


•008547009 


06819 


118 


... I 39 24 


... 1643032 


-008474576 


......07188 


119 


I 41 61 


1 685 159 


•008403361 


07555 


120 


14400 


I 728000 


•008333333 


07918 


121 


... I 46 41 


... 1 771 561 


'008264463 


......08279 


122 


14884 


1 815 848 


•0081967 2 1 


08636 


123 


I 51 29 


1 860 867 


'008130081 


08991 


124 


- 15376 


... X 906 624 


-008064516 


09342 


"5 


15625 


I 953 125 


'008000000 


09691 


126 


I 58 76 


2 000 376 


•007936508 


XOO37 


127 


... I 61 29 


... 2 048 383 


-007874016 


10380 


128 


16384 


2 097 152 


•007812500 


IO72I 


129 


I 66 41 


2146689 


•007751938 


1 1059 


130 


... I 6900 


... 2 197 000 


-007692308 


"394 


131 


17161 


2 248 091 


•007633588 


11727 


132 


17424 


2 299 968 


•007575758 


12057 


133 


•v 17689 


... a 352 637 


'007518797 


12385 


134 


17956 


2 406 104 


•007462687 


12710 


135 


18225 


» 460 375 


•007407407 


13033 


136 


••• 1 8496 


... 2515456 


'007352941 


13354 


137 


18769 


2 57 Tc 353 


•007299270 


13672 


138 


19044 


2628072 


•007246377 


13988 


139 


... 19321 


... 2685619 


-007194245 


14301 


140 


I 9600 


2 744 000 


•007142857 


14613 


141 


I 9881 


2803221 


•007092199 


14922 


142 


... 201 64 


•.. 2 863 288 


-007042254 


15229 


143 


30449 


2 924 207 


•006993007 


15534 


»44 


20736 


2 985 984 


•006944444 


15836 


«45 


2 10 25 


3048625 


•006896552 


16137 
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No. 


Square. 


Cube. 


Reciprocal. 


aus- 




146 


2 13 16 


3 112 136 


•006849315 


16435 




M7 


2 1609 


3176523 


•006802721 


16732 




148 


... 2 1904 


... 3241792 


-006756757 


17026 




149 


2 2201 


3 307 949 


•0067 1 1409 


17319 




150 


2 2500 


3 375 000 


•006666667 


17609 




151 


... 2 2801 


.-. 3442951 


"0066225x7 


17898 




152 


23104 


3 511 808 


•006578947 


18184 




153 


23409 


3581577 


•006535948 


18469 




154 


... 23716 


... 3652264 


-006493506 


18752 




155 


24025 


3723875 


•006451 61 3 


19033 




156 


2 43 36 


3796416 


•006410256 


19312 




157 


... 2 46 49 


... 3869893 


^006369427 


19590 




158 


24964 


3944312 


•006329114 


19866 




159 


25281 


4019679 


•006289308 


20140 




160 


... 2 5600 


... 4096000 


^006 250000 


20412 




161 


25921 


4 173 281 


•0062 1 1 180 


20683 




162 


2 62 44 


4251528 


•006172840 


20952 




163 


... 26569 


.- 4330747 


-006134969 


21219 




164 


26896 


44T0944 


•006097561 


21484 




165 


27225 


4492125 


•006060606 


21748 




166 


... 27556 


... 4574296 


-006024096 


22011 




167 


27889 


4 657 463 


-005988024 


22272 




168 


282 24 


4741632 


-005952381 


22531 




169 


... 28561 


... 4826809 


-OO5917160 


22789 




170 


28900 


4913000 


•005882353 


23045 




171 


2 92 41 


5 000 211 


•005847953 


23300 




172 


... 29584 


... 5088448 


'005813953 


23553 




173 


2 9929 


5177717 


•005780347 


23805 




174 


30276^ 


5268024 


•005747126 


24055 




175 


... 30625 


- 5 359 375 


^005714286 


24304 




176 


30976 


5451776 


•OO5681818 


24551 




177 


31329 


5 545 233 


•005649718 


24797 




178 


... 3 1684 


... 5639752 


•005617978 


......25042 




179 


32041 


5735 339 


•005586592 


25285 




180 


32400 


5 832 000 


•005555556 


25527 




181 


... 32761 


... 5929741 


'005524862 


25768 




182 


33124 


6 028 568 


'OO5494505 


26007 




183 


33489 


6128487 


•005464481 


26245 




184 


... 33856 


... 6 229504 


-005434783 


26482 




185 


34225 


6331625 


•005405405 


26717 




186 


34596 


6 434 856 


•005376344 


26951 




187 


... 34969 


... 6539203 


005347594 


27184 




188 


3 53 44 


6644672 


•0053 1 91 49 


27416 




189 


35721 


6751269 


•005291005 


27646 




190 


36100 


6 859 000 


•005263158 


27875 

















13 



No. 


Square. 


Cube. 


Reciprocal. 


CLoff. 


191 


36481 


6967871 


•00523560a 


28103 


192 


36864 


7 077 888 


•005208333 


28330 


193 


... 37249 


... 7189057 


-005181347 


28556 


194 


37636 


7 301 384 


•005154639 


28780 


^95 


38025 


7414875 


'OO5128205 


29003 


196 


... 38416 


- 7529536 


-005102041 


29226 


197 


38809 


7 645 373 


•005076142 


29447 


198 


39204 


7 762 392 


•005050505 


29667 


199 


... 39601 


... 7 880599 


^005025126 


29885 


200 


40000 


8 000 000 


•005000000 


30103 


201 


40401 


8 120 601 


•004975124 


30320 


202 


... 40804 


... 8242408 


'004950495 


30535 


203 


4 1209 


8 365 427 


•004926108 


30750 


204 


4 16 16 


8 489 664 


•00490 1 96 1 


30963 


205 


... 42025 


... 8615 125 


•004878049 


3"75 


206 


42436 


8 741 816 


•0048543^9 


31387 


207 


42849 


8 869 743 


•004830918 


31597 


208 


... 43264 


... 8998912 


^004807 692 


31806 


209 


43681 


9129329 


•004784689 


32015 


210 


44100 


9 261 000 


•004761905 


32222 


211 


... 44521 


— 9393931 


004739336 


32428 


212 


449 44 


9528128 


•0047 1 698 1 


32634 


213 


45369 


9 ^^3 597 


•004694836 


32838 


214 


... 45796 


... 9800344 


^004672897 


33041 


215 


46225 


9 938 375 


•004651 163 


33244 


216 


46656 


10077696 


•004629630 


33445 


217 


... 47089 


,..10218313 


'OO4608295 


33646 


218 


47524 


10360232 


•004587156 


33846 


219 


47961 


10 503 459 


•004566210 


34044 


220 


... 48400 


...10648000 


-004545455 


34242 


221 


48841 


10 793 861 


•004524887 


34439 


222 


49284 


10 941 048 


•004504505 


34635 


223 


... 4 97 29 


...II 089 567 


^004484305 


34830 


224 


50176 


"239424 


•004464286 


35025 


225 


50625 


II 390625 


•004444444 


35218 


226 


... 5 1076 


...11 543 176 


'OO4424779 


354" 


227 


51529 


II 697 083 


•004405286 


35603 


228 


51984 


"852352 


•004385965 


35793 


229 


... 52441 


...12008989 


-004366812 


35984 


230 


52900 


12 167 000 


•004347826 


36173 


231 


53361 


12 326 391 


•004329004 


36361 


232 


... 53824 


...12487 168 


-004310345 


36549 


233 


54289 


12649337 


•004291845 


36736 


234 


54756 


12 812 904 


•004273504 


36922 


235 


5 52 25 


12977875 


•004255319 


37107 
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No. 


Square. 


Cube. 


Reciprocal 


CLog. 


9s6 


55696 


13 144 256 


"064237288 


37291 


237 


56169 


13 312 053 


*0042i9409 


37475 


238 


... 56644 


...13 481 272 


-004201681 


37658 


239 


571 21 


136519.19 


-004 1 84 1 00 


37840 


240 


57600 


13824000 


•004166667 


38021 


241 


... 58081 


-13997521 


-004149378 


38202 


242 


58564 


14 172 488 


•004 1 32 23 1 


38382 


243 


59049 


14 348 907 


'004115226 


38561 


244 


-. 59536 


...14526784 


-004098361 


38739 


245 


60025 


14706 125 


•004081633 


38917 


246 


60516 


14886936 


•00406504 T 


39094 


247 


... 6 1009 


...15069 223 


-004048583 


39270 


248 


61504 


15 252 992 


•004032258 


39445 


249 


6 2001 


15 438 249 


•004016064 


39620 


250 


... 6 2500 


...15625000 


'004000000 


39794 


251 


63001 


15 813 251 


•003984064 


39967 


252 


63504 


16 003 008 


•003968254 


40140 


253 


... 64009 


...16 194 277 


-003952569 


......40312 


254 


6 45 16 


16 387 064 


•003937008 


40483 


255 


65025 


16 581 375 


•003921569 


40654 


256 


..• 65536 


...16777 216 


^003906250 


40824 


257 


66049 


16974593 


•OO389IO5I 


40993 


258 


66564 


17 173 512 


•003875969 


41162 


259 


... 67081 


..•17373979 


^00386 1004 


41330 


260 


67600 


17 576 000 


•003846154 


41497 


261 


68121 


17 779 581 


•OO3831418 


41664 


262 


... 68644 


...17984728 


-003816794 


41830 


263 


6 91 69 


18 191 447 


•003802281 


41996 


264 


6g6g6 


18399744 


•003787879 


42160 


265 


... 7 02 25 


...18609625 


'OO3773585 


42325 


266 


70756 


18 821 096 


•003759398 


42488 


267 


7 1289 


19 034 163 


•003745318 


42651 


268 


... 7 ^824 


...19248832 


-003731343 


42813 


269 


72361 


19 465 109 


-003717472 


42975 


270 


7 2900 


19683000 


•003703704 


43136 


271 


... 73441 


...19902 511 


'003690037 


43297 


272 


73984 


20123648 


•003676471 


43457 


273 


74529 


20346417 


•003663004 


43616 


274 


..• 75076 


...20570824 


'003649635 


43775 


275 


75625 


20796875 


•003636364 


43933 


276 


76176 


21024576 


•003623188 


44091 


277 


... 7 67 29 


...21253933 


-003610108 


44248 


278 


77284 


21 484 952 


•003597122 


44404 


279 


77841 


21 717 639 


•003584229 


44560 


280 


78400 


ai 952 000 


•003571429 


44716 
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No. 


Square. 


Cube. 


ReciprocaL 


CLog. 


281 


78961 


22 188 041 


•003558719 


44871 


283 


79524 


22 425 768 


•003546099 


4502$ 


283 


... 80089 


...22 665 187 


003533569 


45179 


284 


80656 


22 906 304 


•003521 127 


45332 


285 


81225 


23 149 125 


•00350877 a 


45484 


286 


... 81796 


— 23393656 


-003496503 


45637 


287 


82369 


23 639 903 


•003484321 


45788 


288 


82944 


23887872 


•003472222 


45939 


289 


... 83521 


-24 137 569 


'003460208 


46090 


290 


84100 


24 389 000 


•003448276 


46240 


291 


84681 


24642 171 


•003436426 


46389 


292 


... 85264 


...24897088 


-003424658 


46538 


293 


85849 


25153757 


•003412969 


46687 


294 


86436 


25412 184 


•00340 1 36 1 


4683s 


395 


... 87025 


...25672375 


-003389831 


46982 


296 


87616 


25 934 336 


•003378378 


47129 


297 


88209 


26198073 


•003367003 


47276 


298 


... 88804 


...26463592 


-003355705 


47422 


299 


89401 


26730899 


•003344482 


47567 


300 


90000 


27 000 000 


•003333333 


47712 


301 


... 90601 


...27 270901 


-003322259 


47857 


302 


91204 


27 543 ^08 


•0033 1 1 258 


48001 


303 


9 18 09 


27 818 127 


•003300330 


48144 


304 


... 92416 


...28094464 


^003289474 


48287 


305 


93025 


28372625 


*oo3278689 


48430 


306 


93636 


28652616 


•003267974 


48572 


307 


... 94249 


...28934443 


-003257329 


48714 


308 


94864 


29218 112 


•003246753 


48855 


309 


95481 


29503629 


-003236246 


48996 


310 


... 96100 


...29791000 


^0032 25806 


49136 


3" 


967 21 


30080231 


•003215434 


49276 


312 


9 73 44 


30371328 


-003205128 


49415 


313 


... 97969 


...30664297 


-003194888 


49554 


314 


98596 


30959144 


•003184713 


49693 


315 


99225 


31255875 


•003174603 


49831 


316 


... 99856 


...31554496 


003164557 


49969 


3^ 


100489 


31 855 013 


•003154574 


50106 


318 


10 II 24 


32 157 432 


•003144654 


50243 


319 


... 10 17 61 


...32461759 


^003134796 


50379 


320 


10 24 00 


32 768 000 


•003125000 


50515 


321 


10 30 41 


33o76'i6i 


•003115265 


50651 


322 


... 103684 


-.33386248 


003105590 


50786 


323 


10 43 29 


33 698 267 


•003095975 


50920 


324 


104976 


34012 224 


•003086420 


51055 


325 


10 56 25 


34328125 


•003076923 


51188 



16 



No. 


Square. 


326 


106276 


327 


1069 29 


328 


... 107584 


329 


10 82 41 


330 


10 89 00 


331 


... 10 95 61 


332 


II 02 24 


333 


II 08 89 


334 


... II 1556 


335 


II 22 25 


336 


II 2896 


337 


... II 3569 


338 


II 42 44 


339 


II 4921 


340 


... II 5600 


341 


II 6281 


342 


II 6964 


343 


,.. II 7649 


344 


II 83 36 


345 


n90 25 


346 


... II 97 16 


347 


120409 


348 


12 II 04 


349 


... 12 1801 


350 


12 2500 


351 


12 32 01 


352 


... 123904 


353 


124609 


354 


12 53 16 


355 


... 126025 


356 


126736 


357 


127449 


358 


... 12 81 64 


359 


12 88 81 


360 


129600 


3<5i 


... 130321 


362 


13 10 44 


363 


13 17 69 


364 


... 132496 


365 


133225 


366 


133956 


367 


... 134689 


368 


135424 


369 


1361 61 


370 


136900 



Cube. 

34 645 976 

34 965 783 
—35287552 

35611289 

35 937 000 
...36 264691 

36 594 368 

36 926 037 

...37259704 

37 595 375 
37 933 056 

...38272753 
33614472 
38958219 

.••39304000 

39 651 821 

40 001 688 
...40353607 

40 707 584 

41 063 625 
...41 421 736 

41 781 923 

42 144 192 

...42508549 

42 875 000 

43 243 55Jt 
...43614208 

43 986 977 
44361864 

...44738875 

45 118 016 

45 499 293 
...45882712 

46 268 279 

46 656 000 
...47045881 

47 437 928 
47 832 147 

...48228544 

48627 125 

49027 896 

...49430863 

49 836 032 

50 243 409 
50 653 000 



ReciprocaL 
•003067485 

•003058104 

•003048780 

•003039514 

•003030303 

,'003021148 

•003012048 

•003003003 

,•002994012 

•002985075 

•002976190 

.•002967359 

•002958580 

•002949853 

/OO294II76 

•002932551 

•002923977 

.•002915452 

•002906977 
•002898551 

.•002890173 
'OO2881844 
•002873563 

.•002865330 
•002857143 
•002849003 

.•002840909 
•002832861 
•002824859 

.•OO28169OI 
'002808989 
•002801 1 20 

.•002793296 
•002785515 
•002777778 

.•002770083 
•002762431 
•002754821 
.•002747253 
•002739726 
•002732240 

,.•002724796 
•002717391 
•002710027 
•002702703 



CLog. 
51322 

51455 

..51587 
51720 

51851 

.51983 
52114 
52244 

.52375 

52504 

52634 

.52763 
52892 

53020 

.•53148 

53275 

53403 

.•53529 

53656 

53782 

.53908 

54033 

54158 

-54283 

54407 

5453^ 
..54654 

54777 
54900 

...55023 
55M5 
55267 

...55388 

55509 
55630 

...55751 

55871 

55991 
...56110 

56229 

56348 

^..56467 

56585 

56703 
56820 



17 



No. 


Square. 


Cube. 


RedprocaL 


CLoff. 


371 


13 76 41 


51 064 81 1 


.002695418 


56937 


372 


138384 


51 478 848 


'00268817a 


57054 


373 


... 13 91 29 


...51 895 117 


'002680965 


57171 


374 


13 98 76 


52313624 


•002673797 


57287 


375 


140625 


52734375 


"002666667 


57403 


376 


... 14 13 76 


...53 157 376 


'002659574 


57519 


377 


14 21 29 


53 582 633 


'OO265252O 


57634 


378 


14 28 84 


54 010 152 


•002645503 


57749 


379 


... 14 36 41 


•..54439939 


'002638522 


57864 


380 


14 44 00 


54872000 


•002631579 


57978 


38T 


I4 5i<5i 


55 306 341 


•002624672 


5809a 


382 


... 14 59 24 


...55742968 


'002617801 


58206 


383 


146689 


56 181 887 


•002610966 


58320 


384 


147456 


56 623 104 


•002604167 


58433 


385 


... 148225 


...57066625 


'002597403 


58546 


386 


14 89 96 


57512456 


•002590674 


58659 


387 


14 97 69 


57 960 603 


•002583979 


58771 


388 


... 150544 


...58 411 072 


-002577320 


58883 


389 


15 13 21 


58 863 869 


•002570694 


. 58995 


390 


15 21 00 


59319000 


•002564103 


59106 


391 


... 15 28 81 


•-.59776471 


-002557545 


59218 


392 


153664 


60 236 288 


•002551020 


59329 


393 


154449 


60 698 457 


•002544529 


59439 1 


394 


.- 155236 


...61 162 984 


'002538071 


59550 


395 


15 60 25 


61629875 


•002531646 


59660 


39^ 


15 68 16 


62099 136 


•002525253 


59770 


397 


... 157609 


...62570773 


'002518892 


59879 


398 


15 84 04 


63044792 


•002512563 


59988 


399 


15 92 01 


63521199 


•002506266 


60097 


4cx> 


... 160000 


...64000000 


'002500000 


60206 


401 


16 08 01 


64481 201 


•002493766 


60314 


402 


16 16 04 


64 964 808 


•002487562 


60423 


403 


••. 162409 


...65450827 


'002481390 


60531 


404 


1632 16 


65 939 264 


'002475248 


60638 


405 


16 40 25 


66430125 


'002469136 


60746 


406 


... 164836 


•..66923416 


'002463054 


60853 


407 


16 56 49 


67419143 


'002457002 


60959 


408 


16 64 64 


67 917 312 


.002450980 


61066 


409 


... 16 72 81 


••.68417 929 


'002444988 


61172 


410 


16 81 00 


68921000 


'002439024 


61278 


411 


16 89 21 


69426531 


'002433090 


61384 


412 


... 16 97 44 


—69934528 


'002427184 


61490 


413 


170569 


70 444 997 


'002421308 


61595 


414 


17 1396 


70 957 944 


'002415459 


61700 


415 


17 2225 


71 473 375 


•002409639 


61805 



IB 



Na 


Sqnare. 


Cube. 


.Kedprocal. 


CLog. 


416 


17 30 $6 


f I 991 sg6 


^002403846 


61909 


417 


17 38 89 


7^511713 


-002398082 


620 14 


418 


... 17 47 24 


--78 034 ^32 


.......002392344 


62I18 


419 


17 55 61 


73 560 0^9 


'002386635 


6222X 


420 


17 64 OD 


7.4088000 


'002380952 


62325 


421 


... 17 72 41 


...74 618 461 


'002375297 


62428 


422 


178084 


75 151 448 


•002369668 


62531 


4^3 


17 89199 


75 686 967 


•002364066 


62634 


424 


... I? 97 76. 


...76 22$ 024 


-002358491 


62737 


425 


18 06 2$ 


76 765 625 


•002352941 


62839 


426 


18 14 76 


77 308 776 


•002347418 


62941 


427 


•.. 1823^19 


-.77 8544^3 


•002341920 


63043 


42B 


18 31 84 


78402752 


•002336449 


63144 


439 


16 40 41 


78953589 


•002331002 


63246 


430 


... 184900 


...79507000 


^002325581 


63347 


431 


18 57 61 


Bo 062 991 


•002320186 


63448 


432 


18 66 24 


80621568 


•OO2314815 


63548 


433 


... 18 74 89 


...81 182737 


'OO2309469 


63649 


434 


18 83 56 


81 746 504 


•002304147 


63749 


435 


18 92 25 


82312875 


•002298851 


63849 


43<5 


... 190096 


...82 881 856 


'002293578 


63949 


437 


19 09 69 


83 453 453 


•002288330 


64048 


438 


19 1844 


84027 672 


•002283105 


64147 


439 


... 19 27 21 


...84604519 


'002277904 


64246 


440 


193600 


85 184000 


•002272727 


64345 


441 


19 44 81 


85 766 121 


•002267574 


64444 


442 


... 1953^4 


...86 350 888 


'002262443 


64542 


443 


196249 


86 938 307 


•002257336 


64640 


444 


19 71 3^ 


87 528 384 


•002252252 


64738 


445 


... 198025 


••.88 121 125 


'002247191 


64836 


446 


1989 16 


88716536 


•002242152 


64933 


447 


19 98 09 


89314623 


•002237136 


65031 


448 


... 200704 


...89915392 


-002232143 


65128 


449 


20 16 01 


90518849 


•OO2227171 


65225 


450 


20 25 00 


91 125000 


'002222222 


65321 


451 


... 203401 


—91 733 851 


'OO2217295 


65418 


452 


20 43 04 


9« 345 408 


'002212389 


65514 


453 


20 52 09 


92959677 


'OD2207506 


65610 


454 


... 2061 16 


...93576664 


'002202643 


65706 


455 


20 70 25 


94196375 


-002197802 


65801 


456 


207936 


94818816 


-002192982 


6^896 


457 


... 208849 


•• 95 443 993 


-002188184 


65992 


458 


20 97 64 


96071 912 


'OO2183406 


66087 


459 


21 06 81 


96 702 579 


'OO2178649 


66181 


460 


21 1600 


97 336 000 


•002173913 


66276 



19 



No. 


Sqtiare. 


Cube. 


Redpncal. 


CLog. 


461 


21 2521 


97 972 I&I 


•002 1 69 1 97 


66370 


462 


213444 


98 611 126 


•002164502 


66464 


463 


... 214369 


_ 99 252 847 


..♦...•002159827 


66558 


464 


21 5296 


.99 897 344 


•002155172 


66652 


465 


21 6225 


100 544 62s 


•002150538 


66745 


466 


... 21 71 56 


.^.loi ig4 6g6 


-002145923 


66839 


467 


21 8089 


loi 847 563 


•002 14 1328 


66932 


468 


21 9024 


102 503 232 


•002136752 


67025 


469 


...21 9961 


.,.103 161 709 


*002I32I96 


67117 


470 


22 0900 


103 823 000 


'OO2127660 


67210 


471 


22 18 41 


104 487 III 


'OO2I23142 


67302 


472 


... 222784 


...105154048 


*oo2ii8644 


67394 


473 


22 37 2g 


105 823 817 


'002114165 


67486 


474 


22 4676 


106 496 424 


•002109705 


67578 


475 


... 225625 


..,107171875 


•002105263 


67669 


476 


226576 


107 850 176 


•002100840 


67761 


-*77 


227529 


108 531 333 


•002096436 


67852 


478 


... 228484 


..,109215352 


^002092050 


67943 


479 


22 9441 


109 902 239 


•002087683 


68034 


480 


23 04 00 


no 592 000 


•002083333 


68124 


481 


... 23I361 


...III 284 64T 


^00207 9002 


68215 


482 


23 23 24 


III 980168 


•002074689 


68305 


483 


23 32 89 


112 678 587 


•002070393 


68395 


484 


... 234256 


...113 379 904 


-002066116 


68485 


485 


23 52 25 


114 084 125 


•002061856 


68574 


486 


2361 96 


114 791 256 


•002057613 


68664 


487 


... 237169 


...115 501 303 


-002053388 


68753 


488 


238144 


116 214 272 


•002049180 


68842 


489 


2391 21 


116 930 169 


•002044990 


68931 


490 


... 240100 


...117 649000 


^0020408 16 


69020 


491 


24 10 81 


118370771 


•002036660 


69108 


492 


24 20 64 


119 095 488 


•002032520 


69197 


493 


... 243049 


...119 823 157 


'002028398 


69285 


494 


24 40 36 


120 553 784 


•002024291 


69373 


495 


245025 


121 287 375 


•002020202 


69461 


496 


... 2460 16 


...122023 936 


'002016129 


69548 


497 


247009 


122763473 


•002012072 


69636 


498 


24 80 04 


123505992 


•002008032 


69723 


499 


... 249001 


...124 251 499 


-002004008 


69810 


500 


25 00 00 


125000000 


•002000000 


69897 


Soi 


25 1001 


125 751 501 


•001996008 


69984 


502 


... 252004 


...121^506008 


^001992032 


70070 


503 


25 30 09 


127 263527 


•001988072 


70157 


504 


2540 16 


128 024 064 


•001 984127 


70243 


&^S 


«5 50 25 


128 787 625 


•001980198 


70329 



20 



No. 


Square. 


Cube. 


Reaprocal. 


C Log. 


506 


25 60 36 


129554216 


'OOI976285 


70415 


507 


25 70 49 


130323843 


•001972387 


70501 


508 


... 258064 


...131 096 512 


"001968504 


70586 


509 


259081 


13x872229 


•001964637 


70672 


510 


26 01 00 


132 651 000 


'001960784 


70757 


5" 


,,. 26 II 21 


...133 432 831 


'001956947 


70842 


512 


2621 44 


134 217 728 


•OOI953125 


70927 


513 


2631 69 


135 005 697 


•001949318 


71012 


514 


... 26419^ 


...135796744 


"001945525 


71096 


515 


265225 


136590875 


•001941748 


71181 


516 


26 62 56 


137388096 


•001937984 


71265 


517 


... 267289 


...138 188 413 


"001934236 


71349 


518 


26 83 24 


13899^832 


•001 930502 


71433 


519 


26 9361 


139798359 


•001926782 


71517 


520 


... 270400 


...140608000 


^001923077 


71600 


521 


27 I44I 


141 420761 


•001 91 9386 


71684 


522 


272484 


142 236648 


•OOI915709 


71767 


523 


... 273529 


...M3 055 667 


'OOI9I2046 


71850 


524 


274576 


143877824 


•001908397 


71933 


525 


27 56 25 


144 703 125 


•001904762 


72016 


526 


... 276676 


...145531576 


•OOI9OII4I 


72099 


527 


277729 


146 363 183 


•001897533 


72181 


528 


27 87 84 


147 197 952 


•001893939 


72263 


529 


... 279841 


...148035889 


"001890359 


72346 


530 


28 09 00 


148 877 000 


•001886792 


72428 


531 


28 19 61 


149 721 291 


•001883239 


72509 


532 


... 283024 


...150568768 


'001879699 


72591 


533 


28 40 89 


1514^9437 


•OOI876173 


72673 


534 


285156 


152273304 


•001872659 


72754 


535 


... 286225 


...153 130 375 


'001869159 


72835 


536 


287296 


153990656 


•001865672 


72916 


637 


28 83 69 


154854153 


•OOI862197 


72997 


538 


... 289444 


...155720872 


^001858736 


73078 


539 


29 05 21 


156590819 


•001855288 


73^59 


540 


29 1600 


157464000 


•OOI851852 


73239 


541 


... 292681 


...158 340 421 


•001848429 


73320 


542 


29 37 64 


159 220088 


•OOI845018 


73400 


543 


29 48 49 


160 103 007 


•OOI84162I 


73480 


544 


... 295936 


...160989 184 


-001838235 


73560 


545 


297025 


161 878 625 


•001834862 


73640 


546 


2981 16 


162771336 


•00 1 83 1 502 


73719 


547 


... 299209 


...163667323 


f'ooi828i54 


73799 


548 


30 03 04 


164566592 


"001824818 


73878 


549 


30 14 01 


165 469 149 


•001821494 


73957 


550 


30 25 00 


166375000 


•001818182 


74036 



SI 



NoL 


Square. 


Cube. 


Reciprocal. 


CLog. 


551 


30 36 01 


167 284 151 


'00181488a 


74II5 


553 


30 47 04 


16B196608 


'001811594 


74194 


553 


... 3058*09 


...169 112 377 


'001808318 


74273 


554 


3069 16 


170 031 464 


•001805054 


74351 


555 


30 80 25 


170953875 


'00180180a 


74429 


556 


— 309^36 


...171 879616 


'OOI798561 


74507 


557 


31 02 49 


172808693 


'00179533a 


74586 


558 


311364 


173 741 112 


'OOI792II5 


74663 


559 


... 31 2481 


...174676879 


'ooi 788909 


74741 


560 


313600 


175 616 000 


•0017857 14 


74819 


561 


31 47 21 


176 558 481 


'OOI78253I 


74896 


563 


... 315844 


...177504328 


-001779359 


74974 


563 


316969 


178 453 547 


'OOI 7 76 1 99 


75051 


564 


31 80 96 


179 406 144 


•001773050 


75128 


565 


... 31 92 25 


...180362 125 


'001769912 


75205 


566 


32 03 56 


181 321 496 


•001766784 


7528a 


567 


321489 


182 284 263 


'OOI 763668 


75358 


568 


... 32 26 24 


...183250432 


-001760563 


75435 


569 


323761 


184220009 


•001757469 


755" 


570 


32 49 00 


185 193000 


•001754386 


75587 


571 


... 32 6041 


...186 169 411 


•OOI75I3I3 


75664 


573 


327184 


187 149 248 


•001748252 


75740 


573 


32 83 29 


188 132 517 


•OOI74520I 


75815 


574 


... 329476 


...189 119 224 


•OOI742I60 


7589^ 


575 


33 06 25 


190 109 375 


'OOI739I30 


75967 


576 


331776 


191 102976 


'OOI736III 


7604a 


577 


... 332929 


...192 100033 


'001733102 


76118 


578 


33 40 84 


193 100 552 


•OOI730I04 


76193 


579 


33 52 4t 


194 104 539 


•OOI727II6 


76a68 


580 


••• 336400 


...195 112 000 


'001724138 


76343 


581 


337561 


196 122 941 


•OOI72II70 


76418 


583 


338724 


197 137 368 


•OOI7I82I3 


7649a 


583 


... 339889 


...198 155 287 


'0017x5266 


76567 


584 


34 10 56 


199176704 


'OOI7I2329 


76641 


585 


34 22 25 


200 201 625 


"001709402 


76716 


586 


... 343396 


...201 230056 


'OOI706485 


76790 


587 


34 45 69 


202 262 003 


'OOI703578 


76864 


588 


34 57 44 


203 297 472 


'OOI 700680 


76938 


589 


... 346921 


..•204336469 


-001697793 


7701a 


590 


348100 


205 379 000 


'OOI6949I5 


77085 


S91 


34 92 8i 


206425071 


'OOI 692047 


77159 


593 


... 350464 


...207 474688 


'OOI689I89 


77232 


593 


351649 


208 527 857 


'OOI68634X 


77305 


594 


35 28 36 


209 584 584 


'OOI683502 


77379 


595 


35 40 2S 


210644875 


•001680672 


77452 



32 



No. 
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'OOII2I076 


95036 


893 


79 74 49 


712 121 957 


'OOI 1 1 982 1 


95085 


894 


799236 


714 516 984 


'OOI 1 18568 


95134 


895 


... 801025 


...716 917 375 


'OOIII73I8 


95182 


896 


80 28 16 


719323136 


•OOI 1 1607 1 


95231 


897 


804609 


721734273 


•OOI 1 14827 


95279 


898 


... 806404 


...724150792 


'001113586 


95328 


899 


808201 


726572699 


'OOI 11 2347 


95376 


900 


81 0000 


729000000 


•OOIIIIIII 


95424 


901 


... 81 1801 


...731 432 701 


•OOI 109878 


95472 


902 


81 36 04 


733 870 808 


•OOI 108647 


95521 


$03 


815409 


736314327 


•OOI 107420 


95569 


904 


... 81 72 16 


•••738763264 


'001106195 


95617 


905 


81 90 25 


741 217 625 


•001104972 


95665 


906 


82 08 36 


743677416 


•OOI 103753 


95713 


907 


... 822649 


...746142643 


'001102536 


95761 


908 


82 44 64 


748 613 312 


•OOIIOI322 


95809 


909 


826281 


751089429 


•OOIIOOIIO 


95856 


910 


82 81 00 


753571000 


'001098901 


95904 
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No. 


Square. 


Cabe. 


RedprocaL - 


C. Log. 


911 


829921 


756 058 031 


'00X097695 


95952 


91a 


83 ^7 44 


758 550 528 


"001096491 


95999 


913 


... 833569 


...761 048497 


'OOIO95290 


96047 


914 


83 53 96 


763551944 


'00109409 2 


96095 


915 


837225 


766 060 875 


'001092896 


9614a 


916 


... 839056 


...768575296 


'00109x703 


96x90 


917 


84 08 89 


771 095 213 


'OOIO90513 


96237 


918 


84 27 24 


773620632 


'00 X 0893 25 


96284 


919 


... 844561 


•..776 151 559 


'OOIO88139 


96332 


920 


84 64 00 


778688000 


'OOXO86957 


96379 


921 


848241 


781 229961 


•00x085776 


96426 


922 


... 850084 


...783777448 


'OOXO84599 


96473 


9^3 


85 19 29 


786 330 467 


'OOX083424 


96520 


924 


85 37 76 


788 889 024 


'OOXO82251 


96567 


925 


... 855625 


...791453125 


'00108x081 


96614 


926 


857476 


794022776 


•00x0799x4 


96661 


927 


85 93 29 


796 597 983 


'OOXO78749 


96708 


928 


... 86 II 84 


...799178752 


'00x077586 


96755 


929 


863041 


801 765089 


•00x076426 


96802 


930 


86 49 00 


804 357 000 


•001075269 


96848 


931 


... 8667 61 


...806954491 


•00x0741x4 


96895 


932 


868624 


809 557 568 


•00x072961 


96942 


933 


87 04 89 


812 166237 


•00x07 i8xx 


96988 


934 


... 872356 


...814780504 


^001070664 


97035 


935 


87 42 25 


817400375 


•6010695 19 


97081 


936 


87 60 g6 


820025856 


•00x068376 


97128 


937 


... 87 7969 


...822656953 


'00x067236 


97174 


938 


87 98 44 


825293672 


•001066098 


97220 


939 


8817 21 


827 936019 


•00x064963 


97267 


940 


... 883600 


...830584000 


-00x063830 


97313 


941 


885481 


833237621 


'OOX062699 


97359 


942 


88 73 64 


835 896 888 


•00x06x571 


97405 


943 


... 88 92 49 


...838561807 


-00x060445 


97451 


944 


89 II 36 


841 232 384 


•00x059322 


97497 


945 


89 30 25 


843 908 625 


•00 X 058 20 X 


97543 


946 


... 89 49 16 


...846590536 


•00x057082 


97589 


947 


89 68 09 


849278 123 


•001055966 


97635 


948 


898704 


851 971 392 


•001054852 


9768X 


949 


... 900601 


...854670349 


•OOI05374I 


97727 


950 


90 25 00 


857 375 000 


'00x052632 


97772 


951 


90 44 01 


860085351 


'OOX05I525 


97818 


952 


... 906304 


...862801 408 


'00x050420 


97864 


953 


90 82 09 


865523177 


'0010493x8 


97909 


954 


91 01 16 


868 250 664 


'OOX0482I8 


97955 I 


955 


91 2025 


870 983 875 


'OOI047I20 


98000 1 



ao 



No. 


Square. 


Cube. 


Reciprocal. 


CLog. 


95^ 


91 39 36 


873722816 


'oo 1 046025 


98046 


967 


91 58 49 


876467493 


"oo 1 044932 


98091 


958 


... 91 77 64 


...879 317 912 


'001043841 


98137 


959 


91 9681 


881 974079 


x)0T042753 


98182 


960 


92 16 00 


884 736 000 


100I04I667 


5^227 


961 


-. 923521 


...887 503 681 


-001040583 


98272 


g62 


92 54 44 


890 277 128 


vol 039501 


98318 


963 


92 73 69 


893 056 347 


'DOI038422 


98363 


964 


... 929296 


,..895841344 


.-001037344 


98408 


965 


93 12 25 


• 898 632 125 


'001036269 


98453 


966 


93 31 56 


901 428 6^ 


•OOI035I97 


98498 


967 


... 939089 


...904231063 


'QOI034I26 


98543 


968 


93 70 24 


907 039 232 


•001033058 


98588 


969 


938961 


909 853 209 


•00 1 03 1 992 


98632 


970 


... 940900 


...912673000 


'001030928 


98677 


971 


942841 


915 498 611 


"001029866 


98722 


972 


94 47 84 


918330048 


•001028807 


98767 


973 


... 94 67 29 


..,921 167 317 


•001027749 


988II 


974 


94 86 76 


924010424 


•001026694 


98856 


975 


95 06 25 


926859375 


'oo 1 02 564 1 


98900 


976 


... 952576 


...929714 176 


.^...•001024590 


98945 


977 


95 45 29 


932 574 833 


•OOI02354I 


98989 


978 


95 64 84 


935441352 


•001022495 


99034 


979 


... 958441 


...938313739 


'001021450 


99078 


980 


96 04 00 


941 192 000 


'OO 1 020408 


99123 


981 


962361 


944 076 141 


'OOIOI9368 


99167 


982 


... 964324 


...946 966 168 


'001018330 


992II 


983 


96 62 89 


949 862 087 


•OOIOI7294 


99255 


984 


96 82 56 


952 763 904 


•OOIOI6260 


99300 


9^B 


... 97 02 25 


...955671625 


'001015228 


99344 


986 


97 21 96 


958 585 256 


•OOIOI4I99 


99388 


987 


91 41 69 


961504803 


•001013171 


99432 


988 


... 97 61 44 


...964430272 


'OOIOI2I46 


99476 


989 


97 81 21 


967 361 669 


'OOIOIII22 


99520 


990 


98 01 00 


970 299 000 


•OOIOIOIOI 


99564 


991 


... 98 2081 


...973242271 


'OOI009082 


99607 


992 


98 40 64 


976 191 488 


•001008065 


99651 


993 


98 60 49 


979146657 


•001007049 


99695 


994 


... 988036 


...982 107 784 


•oo 1006036 


99739 


995 


99 00 25 


985 074 875 


•001005025 


99782 


9g6 


99 20 16 


988 047 936 


•00 1 0040 1 6 


99826 


991 


••• 99 4009 


...991 026 973 


.......001003009 


99870 


998 


99 60 04 


994 on 992 


•001002004 


99913 


999 


99 8001 


997 002 999 


•OOIOOIOOI 


99957 


1000 


...100 00 00 


...1000 000 000 

• 


'OOIOOOOOO 


00000 
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Table 1 a. — ^Apfbozimaxe Squabe and Oubb Hoots jom 
BsdPBDCAiiS DF Pbuie Nuxbbbs fbom 2 TO 97. 

No, Square Root Cube RooL RedproeaL 

2 1*4142136 1*2599310 0*500000009 

3 17320508 1*4422496 '333333335 

5 « 2*2360680 ^'1099169 •••••• *20ooooooo 

1 2*6457513 1*9129312 •142857145 

n 3*3166248 2*2239801 '090909091 

13 3'6o555i3 3*3513347 •076923077 

17 4*1231056 2*5712816 "058823529 

19 4*3588989 2*6684016 '052631579 

23 4*7958315 28438670 -043478261 

29 5*385^64^ 30723168 '034482759 

31 5'5677^44 3*1413806 -032258065 

37 6*0827625 3*3322218 -027027027 

41 6*4031242 3*4482172 -024390244 

43 65574385 3'503398i -023255814 

47 68556546 3*6088261 -021276600 

53 * 7*2801099 37562858 -018867925 

59 7-6811457 38929965 •016949153 

61 78102497 3*9364972 "016393443 

67 8-1853528 4*0615480 '014925373 

71 8-4261498 4*1408178 -0x4084507 

73 8-5440037 4'i793392 *oi369863o 

79 8-8881944 4-2908404 -012658228 

83 9*1104336 4-3620707 -012048193 

89 94339811 4*4647451 -011235955 

93 96436508 4*5306549 -010752688 

97 9-8488578 4*5947009 '01030^278 
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TABLE OF 8QUAIUES 


AmO FIFTH P0WEB8. 




Sqnara^ 


Fifth Powtr. 




Sqnan. 


Fifth Poirer. 


lO 


I CO 


I 00000 


55 


3025 


5032 84375 


II 


I 21 


I 61051 


56 


3^36 


5507 31776 


12 


144 


2 48832 


57 


3249 


6016 92057 


13 


I 6g 


371293 


58 


3364 


6563 56768 


14 


I 96 


5 37824 


59 


3481 


7149 24299 


15 


225 


7 59375 


60 


• 3600 


7776 00000 


16 


256 


10 48576 


61 


3721 


8445 96301 


17 


289 


14 19857 


62 


3844 


9161 32832 


18 


324 


18 89568 


63 


3969 


9924 36543 


19 


361 


24 76099 


64 


4096 


10737 41824 


20 


400 


32 ooobo 


65 


4225 


I1602 90625 


21 


441 


40 84101 


66 


4356 


12523 32576 


22 


484 


51 53632 


67 


4489 


I350I 25107 


23 


529 


64 36343 


68 


46 24 


14539 33568 


24 


576 


79 62624 


69 


4761 


15640 31349 


25 


625 


97 65625 


70 


4900 


16807 00000 


26 


676 


118 81376 


71 


5041 


18042 29351 


27 


729 


143 48907 


72 


5184 


19349 17632 


28 


784 


172 10368 


73 


5329 


2073071593 


29 


841 


205 1 1 149 


74 


5476 


2219006624 


30 


900 


243 00000 


75 


5625 


23730 46875 


31 


9 61 


286 29151 


76 


5776 


25355 25376 


32 


1024 


335 54432 


77 


5929 


27067 84157 


33 


1089 


391 35393 


78 


6084 


28871 74368 


34 


ii5<5 


454 35424 


79 


62 41 


30770 56399 


35 


1225 


525 21875 


80 


6400 


32768 00000 


36 


12 g6 


60466176 


81 


6561 


34867 84401 


3» 


1369 


693 43957 


82 


6724 


37073 98439 


38 


1444 


792 35168 


83 


6889 


39390 40643 


39 


15 21 


902 24199 


•84 


7056 


4182I 19424 


40 


16 00 


1024 00000 


85 


7225 


4437053^25 


41 


16 81 


1158 56201 


86 


7396 


47042 70176 


42 


1764 


1306 91232 


87 


7569 


49842 09207 


43 


1849 


1470 08443 


88 


77 44 


52773 T9168 


44 


1936 


1649 16224 


89 


7921 


55840 59449 


45 


2025 


1845 28125 


90 


81 00 


59049 00000 


46 


21 16 


2059 62976 


91 


8281 


62403 2 1 451 


47 


2209 


2293 45007 


92 


8464 


65908 15232 


48 


2304 


2548 03968 


93 


8649 


69568 83693 


49 


2401 


2824 75249 


94 


8836 


73390 40224 


50 


2500 


312500000 


95 


9025 


77378 09375 


51 


2601 


3450 25251 


96 


92 16 


81537 26976 


52 


2704 


3802 04032 


97 


9409 


85873 40257 


53 


2809 


4181 95493 


98 


9604 


90392 07968 


. 54 


29 16 


4591 65024 


99 


9801 


95099 00499 
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Table 2 a.— Pbdce Fagtobs of NmoBEBS up to 208. 
(KmnbeTs without Factors are themaelyes Prime.) 



2 




42 = 


= 2-37 


82 = 


i 2*41 


3 




43 




83 




4 = 


: 22 


44 


22'II 


84 


22-37 


5 




45 


3*5 


85 


517 


6 


2*3 


46 


223 


86 


2-43 


7 




47 




87 


329 


8 


28 


48 


2*3 


88 


2'-II 


9 


3* 


49 


7« 


89 




lO 


25 


50 


25* 


90 


2-32*5 


II 




51 


317 


91 


713 


12 


22.3 


52 


22.13 


92 


22*23 


13 




53 




93 


3-31 


14 


27 


54 


2.38 


94 


2-47 


15 


35 


55 


5" 


95 


5-^9 


i6 


2* 


56 


2»7 


96 


28.3 


17 




57 


319 


91 




x8 


23* 


58 


2*29 


98 


272 


19 




59 




99 


3*'" 


20 


2*'5 


60 


2«'3*5 


100 


22-52 


21 


37 


61 




lOI 




22 


2*11 


62 


2-31 


102 


2-3-I7 


23 




63 


3*7 


103 


^ 


24 


28.3 


64 


2« 


104 


22-13 


25 


5^ 


^5 


513 


105 


3-57 


26 


2*13 


66 


2*3*II 


106 


2-53 


27 


3» 


67 




107 




28 


2*7 


68 


22-17 


X08 


22.38 


29 




69 


323 


109 




30 


2-3'5 


70 


2-57 


no 


2-5-ix 


3^ 




71 




III 


337 


32 


2« 


72 


28.38 


112 


2*-7 


33 


3'" 


73 




"3 




34 


2-17 


74 


237 


"4 


2-3-19 


35 


57 


75 


35* 


"5 


523 


36 


22.32 


76 


22*19 


116 


22-29 


37 




77 


7-II 


117 


3*13 


38 


2*19 


78 


2.3.13 


118 


2-59 


39 


313 


79 




119 


7-17 


40 


2«-5 


80 


2*5 


120 


22-3-5 


4i 




81 


3* 

D 


121 


Il2 
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KUIIBEB8 XSD FIGURES. 



122 : 


= 2-6i 


167 




212 ' 


= 22.53 


"3 


341 


168 : 


= 28-37 


213 


371 


124 


22-31 


169 


13' 


214 


2-107 


125 


5^ 


170 


2-5I7 


215 


5 43 


126 


2-3*7 


171 


32-19 


216 


28.38 


127 




172 


22.43 


217 


7-31 


128 


27 


173 




218 


2*109 


129 


3 43 


174 


2-3.29 


219 


373 


130 


2-5I3 


175 


5*7 


220 


22.5.H 


131 




176 


2*' 1 1 


221 


1317 


132 


22-3-II 


177 


3'69 


222 


2-3'37 


^33 


719 


178 


289 


223 




134 


2*67 


179 




224 


2^.7 


^35 


3^-5 


180 


22.32.5 


225 


3'-52 


136 


23.17 


181 




226 


2-113 


137 




182 


27-15 


227 




138 


2 3 23 


183 


3-61 


228 


22-3«I9 


139 




184 


28.23 


229 




140 


22.5.7 


185 


S'37 


230 


2-5-23 


141 


347 


186 


2-3-31 


231 


37-11 


142 


271 


187 


11-17 


232 


28.29 


143 


11-13 


188 


22.47 


233 




144 


24.32 


189 


3'-7 


234 


2 •32-13 


145 


529 


190 


2-5-19 


235 


5-47 


146 


273 


191 




236 


22.59 


147 


37' 


192 


26.3 


237 


379 


148 


22-37 


193 




238 


27*17 


149 




194 


2-97 


239 




150 


2 -3 5* 


195 


5-3I3 


240 


2*3-5 


151 




196 


2272 


241 




152 


2^.19 


197 




242 


2*11* 


153 


3'-i7 


198 


2 •32. 1 1 


243 


3^ 


154 


27'II 


199 


rfk t^ 


244 


22.6t 


155 


5-31 


200 


28.52 


245 


57' 


^56 


22-3I3 


201 


3-67 


246 


2-3*41 


157 




202 


2-I0I 


247 


13-19 


158 


279 


203 


729 


248 


28.391 


159 


3*53 


204 


22.3.17 


249 


3-83 


160 


2^;5 


205 


5"4i 


250 


2-58 


161 


723 


206 


2-103 


251 




162 


2*3* 


207 


3''23 


252 


22-3'7 


163 




208 


2*-i3 


253 


11-23 


764 


22.41 


209 


11-19 


254 


2-127 


165 


3*5" 


210 


2-3-57 


255 


3-5I7 


166 


2-83 


211 




256 


28. 
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Tablbb 3 Axro 3 a— Hyperbolic, Naperian, ob 
Katubal Loqabithhs. 

1. Table 3 gives the hyperbolic logarithms of integer numbers 
from 1 to 100. To find the hyperbolic logarithm of an integer 
number consisting of not more than two significant figures followed 
by noughts; take the hyperbolic logarithm corresponding to the 
significant figures, and add to it the product of the hyperbolic 
logarithm of 10 by the number of noughts (this may be found by 
the aid of the second column of Table 3 a). For example^ to find 
the hyperbolic logarithm of 3700; 

Hyp. log. 37, 8-61092 

2 X Hyp. log. 10, 4-60517 

Hyp. log. 3700, 8-21609 

Note. — Multiples of the hyperbolic logarithm of 10 may be taken 
from the second column of Table 3 A. 

2. The hyperbolic logarithm of the product of two numbers is 
the sum of their hyperbolic logarithms. For example, 

Hyp. log. 74, 4-30407 

Hyp. log. 50, 3-91202 

Hyp. log. 3700, 8-21609 

8. To find the hyperbolic logarithm of a de<»mal fraction contain- 
ing not n^ore than two significant figures ; take from the table the 
hyperbolic logarithm corresponding to those figures, and take the 
difference between it and as many times the hyperbolic logarithm 
of 10 as there are places of decimals. That difference will be the 
required logarithm, and will be positive or negative according as 
the fracticm is greater or less than 1. For example, 

Hyp. log. 37, 8-61092 

Hyp. log. 10, 2-30259 

Hyp. log. 3-7, + i-3083B 

Hyp. log. 37, 3-61092 

3 X Hyp. log. 10, 6-9077 6 

Hyp. log. 0-037, - 3-2968'4 

In such examples as the last, the fractional as well as the integral 
part of the hyperbolic logarithm is negative. 

4. Ibcampke of tibe use of Table 3 a. 

L To find the hyperbolic logarithm of 377 from its common 
logarithm; 
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2*576349 common logarithm. 

2- 4-605170 

5 1151293 

7 161181 

6 13816 

3 691 

4 92 

Sum, 5-932243 

The required hyperbolic logarithm is thus found to be 5*93224, 
correct to five places of decimals; the sixth being rejected as liable 
to error. 

11. To find the common logarithm corresponding to the hyper- 
bolic logarithm 5-93224; 

5- 2171472 

9 390865 

3 13029 

2 869 

2 87 

4 17 

2-576339 

from which, rejecting the last place of figures as liable to error, the 
required common logarithm is found to be 2-57634. 

5. To calculate the hyperbolic logarithm of the ratio of two 
numbers without logarithmic tables; divide the difference of the 
numbers by their sum; then add together twice the quotient^ two- 
thirds of its cube, two-fifths of its Sth power, two-fieyenths of its 
seventh power, and so on, until the required degree of accuracy has 
been attained; the result of the summation will be the required 
hyperbolic logarithm. 

377 
Example. — Required the hyperbolic logarithm of ^=^. 

Dinerence 7 

S ^47 ~ '0093708 quotient, correct to the seventh place 

of decimals. 

Quotient, -0093708 x 2 = -0187416 

Cube, -0000009x1 == -0000006 

377 
Hyp. log. of ^=7, correct to the seventh place of decimals, -0187422 

Note. — ^This process may be used in finding hyperbolic log- 
arithms of numbers not in the table. For example, to find the 
hyperbolic logarithm of 377, we have 
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hyp. log. 370, 5*91350 

377 
Hyp. log. -KSQf already calculated, 0*01874 

Hyp. log. 377, 5*93224 

6. To find the antUogarUhm (or natural number^ corresponding 
to a given positive hyperbolic logarithm by calculation, without 
using logarithmic tables; take the sum of the following series, to as 
many terms as may be necessary in order to give the required 
degree of accuracy; 

First term =: 1. 

Second term =: The given hyp. log. 

Thirdterm =8eoond term xSI^LMLiSi:; 

Fourth term = third tern x S^^E-^EiiSi:. 

Bfthterm = fourth term X ^I^J^^^Eli^'; 

and so on. 

The accurctcy of this process is the greater the smaller the given 
hyperbolic logarithm. 

ExAMPTiK. — To calculate the hyperbolic antilogarithm of 1 (in 
other words, the number whose hyperbolic logarithm is 1) to 
seven places of decimals; 

1st term, 1-0000000 

2d „ 1-0000000 

3d „ =: 2d X i 0-5000000 

4th „ » 3d X i 01666667 

5th „ « 4th X 1 0*0416667 

6th „ = 5th X i 0*0083333 

7th „ = 6th X ^ 0*0013889 

8th „ = 7th X f 0*0001984 

9th „ » 8th X i 0*0000248 

lOth „ = 9th X t 0*0000027 

nth „ = 10th X A 0*0000003 

Hyperbolic antilogarithm of 1 » 2*7182818 

This number is called the hose of the N'aperiom Logaritknu, and 
demoted in algebra by th^ symbol < or «, 
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Table 3. — ^HYFKHBOt.ic LoGAsiTHifs. 



No. 

I 

2 

3 

4 

5 
6 

7 
8 

9 

lO 

II 

12 

13 

14 

15 
i6 

17 
i8 

19 

20 
21 
22 

33 
24 
25 



Hyp. Log* 

O'OOOOO 
0-69315 
1*09861 
1*38629 
1*60944 
1*79176 
1-94591 
2-07944 
2*19722 
230259 
239790 
2-48491 

25^495 
2-63906 

2-70805 

2-77259 

2-83321 

289037 

2-94444 

299573 

304452 
309104 

313549 
3*17805 

3*21888 



Na 

26 
27 
28 
29 
30 

31 
32 

33 
34 
35 
36 
37 
38 
39 
40 
41 
42 

43 

44 

45 
46 

47 
48 

49 
50 



Hyp. Log. 

3'258io 

329584 
3*33220 

3-36730 
3-40120 

3*43399 
3-46574 

3-49651 
352636 

3*55535 
358352 
3-61092 

3*63759 
366356 

3-68888 

3-71357 

373767 
376120 

3-78419 
3-80666 

382864 

3*850^5 
3-87120 

3*89182 

3*91202 



Na 

SI 
52 

53 
54 
55 
56 

57 

58 

59 
60 

61 

62 

«3 

64 

65 
66 

67 
68 

69 
70 

7t 

72 

73 
74 

75 



Hjp. log. 10, correct to eight places 



H7P.L0& 

3-93183 
3-95^24 

3*97029 

3-98898 

4-00733 

4-02535 

4-04305 
4*06044 

4-07754 

4-09434 
4*11087 

4*12713 

4-143^3 
4*15888 

4-17439 
4*18965 

4*20469 

4*21951 

4*23411 

4*24850 

4*26268 

4*27667 

4*29046 

4-30407 

4-31749 

of decimals. 



Na 

76 

77 

78 

79 

80 

Si 

82 

83 

84 

85 
8^ 

87 
88 

89 
90 

91 
92 

93 

94 

95 
96 

97 

98 

99 
xoo 



HypiLog. 

4-33073 
4-34381 

4-35671 

4-36945 
4-38203 

4*39445 
4*40672 

4-41884 

4-43082 

4-44265 

4-45435 
4*46591 

4-47734 
4-48864 

4-49981 
4-51086 

4-52179 
4-53260 

4-54329 
455388 

456435 
4-57471 

4-58497 
4-59512 
4-60517 



= 2*30258509. 



Table 3 a.— Multipliebs fcm OoNYSBTiira Loqabithms. 



Ej^irMiQ Into OommoiL 



CoiOMB SAto Qn>«rboU& 


I 


2-302585 


2 


4-605170 


3 


^-907755 


4 


9-210340 


5 


11-512925 


6 


X3815510 


7 


16*118096 


8 


18-420681 


9 


00*723266 


10 


23025851 



0434294 
0868589 

1*302883 

1*737178 

2*171472 
2*605767 
3*040061 

3-474356 

3*908650 

4-342945 



I 

2 

3 

4 

5 
6 

7 
8 

9 
10 
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Table 4. — Multipliers fob the ComrERSioir of Gibculab 

Lengths and Abbas. 



A.— DiametezB 

into 
Girciiinfereooe& 

I 3i4i<5 

2 6*2832 

3 94248 

4 12-5664 

5 157080 

6 18*8496 

7 21*9911 

8 25*1327 

9 28*2743 

»o 31-4^59 



B.— ClrcnmferenoeB 

into 

Diameters 

o*3i83x 
0*63662 

0*95493 
1-27324 

1-59155 
1*90986 

2*22817 

2'54648 

2*86479 

3-18310 



C— BadiTUhLengihi 

into 

Oiroamfereiioei. 

6*2832 

12*5664 

18-8496 

aS-i327 

31*4159 
37*6991 

43*9823 
50-2655 

56-5487 
62*8319 



D<— GlroTunrerenoat 

into 

Badins-Lengthi. 

0*15916 I 

0-3x831 2 

0-47747 3 

0*63662 4 

0*79578 5 

095493 < 

1*11409 7 

1*27324 8 

1*43240 9 

1*59^55 10 



into 
Sqasre Anaa. 

1 0^854 

2 1*5708 

3 2*3562 

4 3*14^6 

5 3*9270 

6 47124 

7 54978 

8 62832 

9 7*0686 
10 7*8540 



F.-^Bqnara Atbm 
into 
Qxenlar. 



G. 



into 



Hi— Badioa-Lengtlu 
into 



I '2732 

a -5465 
3*8197 

5*0930 

6*3662 

76394 

8*9127 

10*1859 

11*4592 

12*7324 



0^174533 
0*0349066 
00523599 
0*0698133 
0*0872665 
0*1047197 
0*1221730 
0*1396263 
0*1570796 
0*1745329 



572958 I 

114*5916 9 

171*8873 3 

329*1831 4 

286*4789 5 

3437747 6 

401*0705 7 

458*3662 8 

5x5*6620 9 

5729578 10 



L— IBnntea 

into 

BadiuB-Lengttia. 

1 0*000291 

2 0*000582 

3 0*000873 

4 0*001164 

5 0-001454 

6 o '001^45 

7 0*002036 

8 0*002327 

9 0*002618 
10 0*002909 
20 0*005818 
30 0*0087^7 
40 0*011636 
50 0*014544 



XL— Badina-Lengtha 

Into 

HSnntea. 

343775 
687550 

10313*24 

TE 3750-99 
17188*74 

20626*48 

24064*23 

27501*97 

30939*72 

34377*47 



Ifc-^eoonda 

into 

Badina-Lengtba. 

0*000005 

O^OOOIO 

0*000015 

0*000019 

0*000024 
0*000029 
0*000034 
0-000039 
0*000044 
0*000048 
0*000097 
0*000145 
0*000194 
0*000242 



H— Badlns-Lengtlui 

into 

Seconda. 

306265 

412530 

€18794 

825059 

IO31324 

1237589 

1443854 
1650I18 

1856383 
2062648 



Z 

a 

3 

4 

5 
6 

7 
8 

9 
10 

20 

30 
40 

50 



40 inTMBBBS AND FIGURES. 

Examples of the TJsb of Table 4. 

I. What is tlie circumference of a circle whose diameter is IIS 
inches 1 From division A of the table, we have the following : — 

100 31416 

10.... 31-416 

3 9-4248 

113 Sum, 355-0008 

The answer is 35o inches; the fourth and third places of 
decimals being rejected as beyond the limits of exactness of 
the table. 

II. What is the radius of a circle whose circumference is 710 
inches? From division D of the table, we have the following: — 

700 111-409 

10 1-5916 

710 Sum, 113-0006 

The answer is 113 inches; the fourth place of decimals being 
rejected as beyond the limits of the exactness of the table. 

IIL What is the area in square inches of a circle of 8 inches 
diameter) Square of 8 = 64 = area in cireuiar inches. Then, by 
division E of ^e table, 

60 47124 

4 3-1416 

Area in equ^are inches {toJlveJlgtM'es only), 50*266 

lY. What is the diameter of a circle whose area is 5027 square 
inches? From division F of the table we have 

5000 6366-2 

20 25-^65 

7 89127 

Area in circular inches {tofivejigures only), 6400-6 

the square root of which (by Table 1, the fractions being found by 
calculation) is 80*004, being the diameter required in inches, correct 
to five places of figures. 
Y. How many radius-lengths are there in an arc of 57° 17' 45"? 

Baditu-LeagUUk 

From division G, 50° 0-872665 

— — 7° 0-122173 

— — I, 10' 0-002909 

— ~ 7' 0-002036 

— — L, 40" 0-000194 

— — 5" 0000024 

Total, 57*^ 17' 45" 1*000001 

or almost exactly one radius-length. 
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YL How many minutes are there in the arc which is one- 
eightieth (or 0*0125) of a radius-length? By division K we have 

•01 34-3775 

•002 6-8755 

•0005 1-7189 

42*9719 Armoer; 
or 42' 58* nearly. 
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Explanation of Table 5. 

This table gives the circumferences and areas of circles, of 
diameters from 101 to 1000 ; the circumferences computed to two 
places of decimals, the areas to the nearest unit. Circumferences 
and areas for diameters not in the table may be computed by the 
aid of the following principles : — 

1. The circumferences of circles are proportional to their diam- 
eters. 

2. The areas of circles are proportional to the squares of their 
diametera 



Table 5, — Circumferences and 


Areas of Cibclks. 


Diam. 


Grcum. 


Ana. 


Diam. 


Ckcum. 


Aiea. 


lOI 


317*30 


8013 


146 


45867 


16742 


I02 


32044 


8171 


147 


46181 


16972 


103 


32358 


8332 


148 


464-96 


17203 


104 


32673 


8495 


149 


468-10 


17437 


105 


32987 


8659 


150 


471-24 


17671 


106 


33301 


8825 


151 


474*38 


17908 


107 


33615 


8992 


152 


477*52 


18146 


108 


33929 


9161 


153 


48066 


18385 


109 


34243 


9331 


154 


483*81 


18627 


IIO 


34558 


9503 


155 


486-95 


18869 


III 


34872 


9677 


156 


490*09 


I9II3 


112 


351*86 


9852 


157 


49323 


19359 


"3 


355*00 


10029 


158 


49637 


19607 


114 


358*14 


10207 


159 


499*51 


19856 


115 


361-28 


10387 


160 


502-65 


20106 


116 


364-42 


10568 


161 


505*80 


20358 


117 


367*57 


IO751 


162 


50894 


20612 


118 


370-71 


10936 


163 


51208 


20867 


119 


37385 


11122 


164 


515*^ 


2II24 


120 


376-99 


II3IO 


165 


518*36 


ai38a 


121 


380-13 


II499 


166 


521*50 


21642 


122 


383*27 


1 1690 


167 


52465 


21904 


123 


38642 


II882 


168 


52779 


22167 


124 


389*56 


12076 


169 


530*93 


22432 


125 


39270 


12272 


170 


534*07 


22698 


126 


395*84 


12469 


171 


53721 


22966 


127 


398*98 


12668 


172 


540*35 


23235 


128 


402*12 


12868 


173 


54350 


23506 


129 


405*27 


13070 


174 


546*64 


23779 


130 


408-41 


13273 


175 


54978 


24053 


131 


411*55 


13478 


176 


552*92 


24329 


132 


41469 


13685 


177 


556*06 


24606 


133 


417*83 


13893 


178 


55920 


24885 


134 


420-97 


I4IO3 


179 


56235 


25165 


135 


424-12 


I43U 


180 


56549 


25447 


136 


427-26 


14527 


181 


56863 


25730 


137 


430-40 


14741 


182 


57177 


26016 


138 


433*54 


14957 


183 


574-91 


26302 


139 


43668 


15175 


184 


578*05 


26590 


140 


439-82 


15394 


185 


581*19 


26880 


141 


442*96 


15615 


186 


58434 


27172 


142 


446*11 


15837 


187 


587-48 


27465 


143 


449*25 


1 606 1 


188 


590*62 


27759 


144 


45239 


16286 


189 


59376 


28055 


145 


455*53 


16513 


190 


59690 


28353 
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Diam. 


Circum. 


Area. 


Diam. 




Area. 


191 


600*04 


28652 


236 


741-42 


43744 


193 


603*19 


28953 


237 


744-56 


44115 


193 


606 '33 


29255 


238 


747*70 


44488 


194 


60947 


29559 


239 


75084 


44863 


195 


6t2'6x 


29865 


240 


753-98 


45239 


196 


61575 


30172 


241 


757-12 


45617 


197 


6x8*89 


30481 


242 


760*27 


45996 


198 


62204 


30791 


243 


763-41 


46377 


199 


625*18 


3IIO3 


244 


76655 


46759 


200 


62832 


3X416 


245 


769*69 


47144 


20X 


631*46 


31731 


246 


77283 


47529 


202 


634*60 


32047 


247 


77597 


479x6 


203 


63774 


32365 


248 


779-12 


48305 


204 


64089 


32685 


249 


782-26 


48695 


205 


64403 


33006 


250 


785-40 


49087 


206 


647x7 


33329 


251 


78854 


49481 


207 


65o*3X 


33654 


252 


79X-68 


49876 


208 


65345 


33979 


253 


794-82 


50273 


209 


65659 


34307 


254 


797*96 


5067 X 


2X0 


65973 


34636 


255 


3ox'xx 


51071 


2X1 


662*88 


34967 


256 


804-25 


51472 


2X2 


666*02 


35299 


257 


807-39 


51875 


2X3 


669*16 


35633 


258 


8x0-53 


52279 


2X4 


672*30 


35968 


259 


8x3-67 


52685 


215 


675-44 


36305 


260 


8x6'8x 


53093 


2X6 


678*58 


36644 


26 X 


8x9*96 


53502 


217 


681*73 


36984 


262 


823-xo 


53913 


2X8 


68487 


37325 


263 


826-24 


54325 


2x9 


688 'oi 


37668 


264 


829-38 


54739 


220 


69X-XS 


380x3 


265 


83252 


55155 


22X 


694*29 


38360 


266 


83566 


65572 


222 


697*43 


38708 


267 


838 -8 X 


55990 


223 


700*58 


39057 


268 


841-95 


56410 


224 


703*72 


39408 


269 


845-09 


56832 


225 


706*86 


39761 


270 


848-23 


57256 


226 


7x0*00 


401x5 


27 X 


851-37 


57680 


227 


71314 


40471 


272 


854-51 


58107 


228 


7x6*28 


40828 


273 


857-66 


5853s 


229 


7X9*4« 


41x87 


274 


860-80 


58965 


230 


722*57 


41548 


275 


863-94 


59396 


23X 


72571 


4x9x0 


276 


867-08 


59828 


232 


728*85 


42273 


277 


870*22 


60263 


233 


731-99 


42638 


278 


873-36 


60699 


234 


735-13 


43005 


279 


876*50 


6x136 


235 


738*27 


43374 


280 


87965 


61575 



u 



IMam. 


GrcmiL 


Area. 


Diaiii. 


Cncnm. 


Area. 


281 


88279 


62016 


326 


1034*16 


83469 


282 


88593 


62458 


327 


1037*30 


83983 


283 


889-07 


62902 


328 


1030*44 


84496 


284 


892*21 


<>3347 


329 


X033-58 


85013 


285 


89535 


<>3794 


330 


103673 


85530 


286 


89850 


64242 


33X 


1039*87 


86049 


287 


901*64 


64692 


332 


1043*01 


86570 


288 


90478 


<>5i44 


333 


1046-15 


87092 


289 


907*92 


<>5597 


334 


1049*39 


87616 


290 


911*06 


66052 


335 


X052-43 


8814I 


291 


914*20 


66508 


336 


1055-58 


88668 


292 


91735 


66g66 


337 


105872 


89197 


393 


920*49 


67426 


338 


io6i*86 


89727 


294 


92363 


67887 


339 


1065*00 


90259 


295 


926*77 


<>8349 


340 


1068*14 


90792 


296 


929*91 


68813 


34X 


1071-28 


91327 


297 


93305 


69279 


342 


1074-42 


9x863 


298 


936*19 


69747 


343 


X077-57 


92401 


299 


93934 


70215 


344 


10807 1 


92941 


300 


942*48 


7p686 


345 


1083-85 


93482 


301 


94562 


71158 


346 


io86'99 


94025 


302 


94876 


7x631 


347 


1090-13 


94569 


303 


951*90 


72107 


348 


1093-27 


95XX5 


304 


955-04 


72583 


349 


1096*42 


95662 


305 


958-19 


73062 


350 


1099*56 


962 IX 


306 


961*33 


73542 


35X 


1102-70 


96762 


307 


9^4-47 


74023 


352 


X 105-84 


973x4 


308 


967*61 


74506 


353 


1108*98 


97868 


309 


97075 
973-89 


7499X 


354 


1112*13 


98423 


310 


75477 


355 


1x15-27 


98980 


3" 


97704 


75964 


356 


1 1 18*41 


99538 


3x2 


980*18 


76454 


357 


II2I-55 


100098 


313 


983*33 


76945 


358 


1134-69 


100660 


314 


986*46 


77437 


359 


1X37-83 


101223 


315 


989*60 


7793X 


360 


1x30*97 


10x788 


316 


99274 


78427 


36 X 


1x3413 


X02354 


317 


995*88 


78924 


363 


1X37*36 


102923 


318 


999*03 


79423 


363 


1140*40 


10349X 


319 


1002*17 


79923 


364 


1 14354 


104063 


320 


1005*31 


80425 


365 


1146-68 


X04635 


321 


X 008*45 


80938 


366 


1149-83 


105209 


32a 


ioii*59 


8x433 


367 


1153*97 


X05785 


323 


X01473 


81940 


368 


X 156*1 1 


X06363 


324 


1017*88 


83448 


369 


XX59-2S 


X0694X 


325 


ioai*oa 


83958 


370 


X 163-39 


X07531 



is 



Diam. 


Circum. 


Area. 


Diam. 


Circum. 


Area. 


371 


"6553 


I08103 


416 


1306-91 


135918 


372 


1168-67 


108687 


417 


1310*05 


136572 


373 


1171-81 


109272 


418 


i3^3'^9 


X37228 


374 


1174-96 


109858 


419 


131633 


137885 


375 


1178-10 


I 10447 


420 


I3I947 


138544 


37<5 


1181*24 


I I 1036 


421 


1322*61 


139205 


377 


1184-38 


III628 


422 


132575 


139867 


378 


1187-52 


II222I 


423 


132889 


I4053I 


379 


1190-66 


II2815 


424 


133204 


I4II96 


380 


1 193-81 


II34II 


425 


133518 


I41863 


381 


1196-95 


I 14009 


426 


1338*32 


142531 


382 


1 200*09 


I 14608 


427 


1341-46 


143201 


383 


1203-23 


I 15209 


428 


1344-60 


143872 


384 


1206-37 


II5812 


429 


134774 


144545 


385 


1209-51 


I16416 


430 


135089 


145220 


386 


1212-66 


II702I 


431 


i354'03 


145896 


387 


1215-80 


II7628 


432 


1357-n 


146574 


388 


1218-94 


I 18237 


433 


1360-31 


147254 


389 


1222*08 


I 18847 


434 


136345 


147934 


390 


1225*22 


"9459 


435 


1366-59 


148617 


391 


1228*36 


120072 


436 


136973 


149301 


392 


1231*50 


120687 


437 


1372-88 


149987 


393 


123465 


121304 


438 


1376-02 


150674 


394 


123779 


121922 


439 


1379*16 


151363 


395 


1240*93 


122542 


440 


1382-30 


152053 


396 


1244-07 


123163 


441 


I385'44 


152745 


397 


1247*21 


123786 


442 


1388-58 


153439 


398 


1250*35 


124410 


443 


139173 


154134 


399 


125350 


125036 


444 


1394-87 


154830 


400 


1256*64 


125664 


445 


1398*01 


155528 


401 


1259*78 


126293 


446 


140115 


156228 


402 


1262*92 


126923 


447 


1404-29 


156930 


403 


1266*06 


127556 


448 


1 407 '43 


157633 


404 


1269*20 


128190 


449 


1410-58 


158337 


405 


1272*35 


128825 


450 


1413-72 


159043 


406 


1275*49 


129462 


451 


1416*86 


159751 


407 


1278*63 


130100 


452 


1420-00 


160460 


408 


1281-77 


130741 


453 


142314 


161171 


409 


1284*91 


131382 


454 


1426*28 


161883 


410 


1288-05 


132025 


455 


1429-42 


162597 


411 


1291*19 


132670 


456 


1432-57 


163313 


412 


1294*34 


133317 


457 


X43571 


164030 


413 


1297*48 


133965 


458 


1438-85 


164748 


414 


1300*62 


134614 


459 


1441-99 


165468 


415 


130376 


135265 


460 


144513 


166190 



46 



Diam. 


Circum. 


Area. 


Diam. 


Circum. 


Area. 


461 


144827 


1669I4 


506 


1589-65 


201090 


462 


1451-42 


167639 


507 


159279 


201886 


463 


1454-56 


168365 


508 


1595*93 


202683 


464 


145770 


169093 


509 


1599-07 


203482 


465 


1460*84 


169823 


510 


l602'2I 


204283 


466 


1463-98 


170554 


5" 


1605-35 


205084 


467 


1467-12 


171287 


5" 


1608-50 


205887 


468 


1470-27 


17202I 


513 


161I-64 


206692 


469 


1473*41 


172757 


514 


161478 


207499 


470 


147655 


173494 


515 


1617-92 


208307 


471 


1479-69 


174234 


516 


1621*06 


2091 17 


472 


1482-83 


174974 


517 


1624*20 


209928 


473 


1485-97 


1757 16 


518 


1627*35 


21074I 


474 


1489-12 


176460 


519 


1630-49 


2II556 


475 


1492*26 


177205 


520 


163363 


212372 


476 


1495-40 


177952 


521 


163677 


213189 


477 


149854 


17870I 


522 


1639*91 


214008 


478 


1501-68 


179451 


523 


164305 


214829 


479 


1504-82 


180203 


524 


1646-20 


215651 


480 


1507-96 


180956 


525 


i649'34 


216475 


481 


I5II-II 


1817II 


526 


1652-48 


21730I 


482 


1514-25 


182467 


527 


1655*62 


218128 


483 


1517-39 


183225 


528 


165876 


•218956 


484 


1520-53 


183984 


529 


1661-90 


219787 


485 


1523-67 


184745 


530 


1665*04 


220618 


486 


1526-81 


185508 


531 


1668-19 


221452 


487 


1529-96 


186272 


532 


1671-33 


222287 


488 


1533-^0 


187038 


533 


1674-47 


223123 


489 


1536-24 


187805 


534 


1677-61 


223961 


490 


1539-38 


188574 


535 


168075 


224801 


491 


1542-52 


189345 


536 


1683*89 


225642 


492 


1545-66 


I90II7 


537 


1687*04 


226484 


493 


1548-81 


190890 


538 


1690*18 


227329 


494 


1551-95 


I91665 


539 


1693*32 


228175 ; 


495 


1555-09 


192442 


540 


1696*46 


229022 


496 


1558-23 


I9322I 


541 


1699*60 


229871 


497 


1561-37 


194000 


542 


1702*74 


230722 i 


498 


1564-51 


194782 


543 


1705*88 


231574 


499 


1567-65 


195565 


544 


1709-03 


232428 


500 


1570-80 


196350 


545 


1712-17 


233283 


501 


1573-94 


I97136 


546 


1715-31 


234140 


50a 


157708 . 


197923 


547 


1718*45 


234998 


503 


1580-23 


I98713 


548 


1721-59 


235858 


604 


158336 


199504 


549 


172473 


236720 


505 


1586-50 


200296 


550 


1727-88 


237583 1 



47 



Diam. 


Circum. 


Avea. 


Diftm. 


Circum. 


Area. 


SSI 


1731*02 


238448 


596 


1872-39 


278986 


55* 


I73416 


239314 


597 


1875-53 


279923 


553 


1737-30 


240182 


598 


1878-67 


280862 


554 


174044 


24IO51 


599 


1881-81 


281802 


555 


1743-58 


241922 


600 


1884*96 


282743 


556 


174673 


242795 


60 X 


1888-10 


283687 


557 


1749-87 


243669 


602 


1891-24 


284631 


558 


1753-01 


244545 


603 


1894-38 


285578 


559 


1756-15 


245422 


604 


1897-53 


286526 


560 


175929 


246301 


605 


1900-66 


387475 


561 


1762-43 


247181 


606 


1903-81 


288426 


56a 


1765-58 


248063 


607 


1906-95 


289379 


5«3 


1768-72 


248947 


608 


1910-09 


290334 


5<4 


1771-86 


249832 


609 


1913-23 


291289 


SH 


177500 


250719 


6zo 


1916-37 


292247 


566 


1778-14 


251607 


611 


I919-5X 


293206 


567 


1781-28 


252497 


612 


1922-65 


294166 


568 


1784-42 


253388 


613 


1925-80 


295128 


569 


1787-57 


254281 


614 


1928-94 


296092 


570 


1790-71 


255176 


615 


1932-08 


297057 


571 


179385 


256072 


616 


1935-22 


298024 


573 


1796-99 


256970 


617 


193836 


298992 


573 


1800-13 


257869 


618 


1941-50 


299962 


574 


1803-27 


258770 


619 


1944-65 


300934 


575 


1806-42 


259672 


620 


1947-79 


301907 


576 


1809-56 


260576 


621 


1950-93 


302882 


577 


1812-70 


261482 


622 


1954-07 


303858 


578 


1815-84 


262389 


623 


1957-21 


304836 


579 


1818-98 


263298 


624 


196035 


305815 


580 


1822-12 


264208 


69^ 


1963-50 


306796 


581 


1825-27 


265120 


626 


1966*64 


307779 


583 


1828-4Z 


266033 


627 


1969-78 


308763 


583 


1831-55 


266948 


628 


1972-92 


309748 


584 


1834-69 


267865 


629 


1976*06 


310736 


585 


1837-83 


268783 


630 


1979*20 


311735 


586 


1840-97 


269702 


631 


1982-35 


312715 


587 


1844-II 


270624 


632 


1985-49 


313707 


588 


1847-26 


271547 


633 


1988-63 


314700 


589 


1850-40 


272471 


634 


1991*77 


315696 


590 


1853-54 


273397 


635 


1994-91 


316692 


59« 


1856-68 


274335 


636 


199805 


317690 


59s 


1859-82 


275254 


637 


2001*19 


318690 


593 


1862-96 


276184 


638 


2004*34 


319693 


594 


1866-II 


277117 


639 


2007*48 


320695 


595 


1869-25 


278052 


640 


2010*62 


331699 



48 



Diaxn. 


Qtcuiii* 


Area. 


Diam. 


Circum. 


Area. 


641 


201376 


322705 


686 


2155-13 


369605 


642 


2016*90 


3237^3 


687 


2158*27 


370684 


643 


2020*04 


324722 


688 


2161*42 


371764 


644 


2023*19 


325733 


689 


2164*56 


372845 


645 


2026*33 


326745 


690 


2167*70 


373928 


646 


2029*47 


327759 


691 


2170*84 


375013 


647 


2032*61 


328775 


692 


2173*98 


376099 


648 


203575 


329792 


693 


2177*12 


377187 


649 


2038-89 


330810 


694 


2180*27 


378276 


650 


2042*04 


33183I 


695 


2183*41 


379367 


651 


2045*18 


332853 


696 


2186*55 


380459 


652 


2048*32 


333876 


697 


2189*69 


381554 


653 


2051*46 


334901 


698 


2192*83 


382649 


654 


2054*60 


335927 


6gg 


2195*97 


383746 


655 


2057*74 


336955 


700 


2199*11 


384845 


656 


2o6o'88 


337985 


701 


2202*26 


385945 


657 


2064*03 


339016 


702 


2205*40 


387047 


658 


2067*17 


340049 


703 


2208*54 


38815I 


659 


2070*31 


341084 


704 


22IT*68 


389256 


660 


2073*45 


342II9 


705 


2214*82 


390363 


661 


2076*59 


343157 


706 


2217*96 


39147I 


662 


2079*73 


344196 


707 


2221*11 


392580 


663 


2082*88 


345237 


708 


2224*25 


393692 


664 


2086*02 


346279 


709 


2227*39 


394805 


665 


2089*16 


347323 


710 


2230*53 


395919 


666 


2092*30 


348368 


711 


2233*67 


397035 


667 


2095*44 


349415 


712 


2236*81 


398153 


668 


2098*58 


350464 


713 


2239*96 


399272 


669 


2101*73 


35^514 


714 


2243*10 


400393 


670 


2104*87 


352565 


715 


2246*24 


4OI515 


671 


2io8*oi 


353618 


716 


2249*38 


402639 


672 


2111*15 


354673 


717 


2252*52 


403765 


673 


2114*29 


355730 


718 


2255-66 


404892 


674 


2117-43 


356788 


719 


2258*81 


406020 


675 


2120*58 


357847 


720 


2261*95 


407150 


676 


2123*72 


358908 


721 


2265*09 


408282 


677 


2126*86 


359971 


722 


2268*23 


409416 


678 


2130*00 


361035 


723 


2271*37 


410550 


679 


2133-14 


362IOI 


724 


2274*51 


41 1687 


680 


2136*28 


363168 


725 


2277*65 


412825 


681 


2139*42 


364237 


726 


2280*80 


413965 


682 


2142*57 


365308 


727 


2283*94 


415106 


683 


2I457I 


366380 


728 


2287*08 


416248 


684 


2148*85 


367453 


729 


2290*22 


417393 


685 


2151*99 


368528 


730 


2293*36 


418539 



49 



Diam. 


Circum. 


Area. 


Diam. 


Qrcum. 


Aita. 


731 


2296*50 


419686 


776 


2437*88 


472948 


73a 


2299-65 


420835 


777 


2441*02 


474168 


733 


2302-79 


421986 


778 


2444*16 


475389 


734 


230593 


423139 


779 


2447*30 


476612 


735 


2309-07 


424293 


780 


2450-44 


477836 


736 


2312-21 


425448 


781 


2453*58 


479062 


737 


2315*35 


426604 


782 


245673 


480290 


738 


2318-50 


427762 


783 


2459*87 


481519 


739 


2321-64 


428922 


784 


2463*01 


482750 


740 


2324-78 


430084 


785 


2466*15 


483982 


741 


2327-92 


431247 


786 


2469*29 


485216 


742 


2331-06 


432412 


787 


247243 


486451 


743 


233420 


433578 


788 


2475*58 


487688 


744 


233734 


43474^ 


789 


2478-72 


488927 


745 


2340-49 


43591^ 


790 


2481*86 


490167 


746 


234363 


437087 


791 


2485*00 


491409 


747 


234677 


438259 


792 


2488*14 


492652 


748 


2349-91 


439433 


793 


2491*28 


493897 


749 


2353*05 


440609 


794 


2494-42 


495143 


750 


2356-19 


441786 


795 


2497*57 


496391 


751 


2359*34 


442965 


796 


2500-71 


497641 


753 


2362-48 


444146 


797 


250385 


498892 


753 


2365-62 


445328 


798 


2506-99 


500145 


754 


2368-76 


4465 I I 


799 


2510-13 


501399 


755 


2371-90 


447697 


800 


2513*27 


502655 


756 


2375*04 


448883 


801 


2516-42 


503912 


757 


2378-19 


450072 


802 


2519*56 


505171 


758 


2381-33 


451262 


803 


2522*70 


506432 


759 


2384*47 


452453 


804 


252584 


507694 


760 


2387-61 


45364^ 


805 


2528*98 


508958 


761 


2390*75 


454841 


806 


2532*12 


510223 


763 


2393*89 


456037 


807 


2535*27 


511490 


763 


2397*04 


457234 


808 


2538-41 


SI2758 


764 


2400*18 


458434 


809 


2541*55 


514028 


7«5 


2403*32 


459635 


810 


2544*69 


515300 


766 


2406*46 


460837 


811 


2547*83 


516573 


767 


2409*60 


462041 


8t2 


2550-97 


517848 


768 


2412*74 


463247 


813 


2554*" 


519124 


769 


2415-88 


464454 


814 


2557 26 


520402 


770 


2419-03 


465663 


815 


2560*40 


521681 


771 


2422-17 


466873 


816 


256354 


522962 


77a 


2425-31 


468085 


817 


2566-68 


524245 


773 


2428-45 


469298 


818 


2569-82 


525529 


774 


2431*59 


470513 


819 


2572-96 


526814 


775 


243473 


471730 


820 


2576-11 


528102 



so 



Diam. 


anwni. 


Asa. 


IXam. 


CSacoxn. 


Axca. 


831 


«579aS 


529391 


866 


^7 20-62 


589014 


829 


«582'39 


530681 


867 


2723-76 


590375 


823 


2585-53 


53^973 


868 


2726*90 


591738 


824 


258867 


S33267 


869 


2730*04 


593102 


825 


2591 '81 


534562 


870 


273319 


594468 


826 


259496 


535858 


871 


273633 


595835 


827 


2598-10 


537157 


872 


273947 


597204 


828 


2601*24 


53845^ 


873 


2742*61 


598575 


829 


2604*38 


539758 


874 


27457s 


599947 


830 


2607*52 


541061 


875 


2748*89 


601320 


831 


2610*66 


542365 


876 


2752*04 


602696 


832 


2613-81 


543671 


877 


2755-18 


604073 


833 


2616-95 


544979 


878 


2758-32 


605451 


834 


2620*09 


546288 


879 


2761*46 


606831 


835 


2623-23 


547599 


880 


2764-60 


608212 


83^ 


2626-37 


548912 


881 


276774 


609595 


837 


2629*51 


550226 


882 


2770*88 


610980 


838 


2632-65 


551541 


883 


2774-03 


612366 


839 


2635-80 


552858 


884 


2777-17 


613754 


840 


2638-94 


554177 


885 


2780*31 


615143 


841 


2642-08 


555497 


886 


2783-45 


616534 


842 


2645*22 


556819 


887 


278659 


617927 


843 


2648*36 


558142 


888 


278973 


619321 


844 


2651-51 


559467 


889 


2792-88 


620717 


845 


265465 


560794 


890 


2796*02 


622114 


846 


2657*79 


562122 


891 


2799*16 


623513 


847 


2660*93 


563452 


892 


2802*30 


624913 


848 


2664-07 


564783 


893 


2805*44 


626315 


849 


2667*21 


566116 


894 


2808*58 


627718 


850 


2670*35 


567450 


895 


281 1 73 


629124 


851 


267350 


568786 


896 


2814-87 


630530 


852 


267664 


570124 


897 


2818*01 


631938 


853 


2679*78 


571463 


898 


2821-15 


633348 


854 


2682*92 


572803 


899 


2824*29 


634760 


85s 


2686*06 


574146 


900 


2827*43 


636173 


856 


2689-20 


575490 


901 


2830-58 


637587 


857 


2692*34 


576835 


902 


283372 


639003 


858 


2695-49 


578182 


903 


283686 


640421 


859 


2698*63 


579530 


904 


2840*00 


64 I 840 


860 


2701-77 


580880 


905 


2843-14 


643261 


861 


2704-91 


582232 


906 


2846-28 


644683 


862 


2708*05 


583585 


907 


2849-42 


646107 


863 


2711-19 


584940 


908 


2852*57 


647533 


864 


2714-34 


586297 


909 


285571 


648960 


865 


2717*48 


587655 


910 


285885 


650388 



M 



DUUDB. 


Qrcum. 


Area. 


Diam. 


Circtm. 


Are*. 


911 


2861-99 


65x818 


956 


3003-36 


717804 


912 


2865-13 


653250 


957 


3006-50 


719306 


9X3 


2868-27 


654684 


958 


3009*65 


7208x0 


914 


2871*42 


656119 


959 


3012*79 


7223x6 


915 


2874-56 


657555 


960 


301593 


723823 


916 


2877-70 


658993 


961 


3019^7 


72533a 


917 


2880-84 


660433 


962 


3022*21 


726842 


918 


2883-98 


661874 


963 


30253$ 


728354 


919 


2887-12 


663317 


964 


3028*50 


729867 


920 


2890*27 


664761 


965 


3031-64 


731382 


921 


2893*41 


666207 


^6 


303478 


732899 


922 


2896-5S 


667654 


967 


303792 


734417 


923 


2899-69 


669103 


968 


3041*06 


735937 


924 


2902-83 


670554 


969 


3044-20 


737458 


925 


290597 


672006 


970 


3047*34 


738981 


926 


2909-11 


673460 


971 


305049 


740506 


927 


2912*26 


674915 


972 


3053*63 


742032 


928 


2915-40 


676372 


973 


305677 


743559 


929 


291854 


677831 


774 


3059*91 


745088 


930 


2921-68 


679291 


975 


306305 


746619 


931 


2924-82 


680753 


976 


3066*19 


748151 


932 


2927-96 


682216 


977 


3069-34 


749685 


933 


2931 •! I 


683680 


978 


3072-48 


751221 


934 


2934'a5 


685147 


979 


307562 


752758 


935 


2937*39 


686615 


980 


307876 


754296 


936 


2940-53 


688084 


981 


3081*90 


755837 


937 


2943*67 


689555 


982 


3085-04 


757378 


938 


2946*81 


691028 


983 


3088-19 


758922 


939 


2949*96 


692502 


984 


3091*33 


760466 


940 


2953-10 


693978 


985 


3094*47 


762013 


941 


2956*24 


695455 


986 


3097-61 


763561 


942 


2959*38 


696934 


987 


3100*75 


7651H 


943 


2962-52 


698415 


988 


3103-89 


766662 


944 


296566 


699897 


989 


3107*04 


768215 


945 


2968*81 


7OT380 


990 


3110*18 


769769 


946 


2971-95 


702865 


991 


3"3'32 


771325 


947 


2975-09 


704352 


992 


3116*46 


772882 


948 


2978-23 


705840 


993 


3ii9'6o 


774441 


949 


2981-37 


707330 


994 


3122-74 


776002 


950 


2984-51 


708822 


995 


3125-88 


777564 


9SI 


2987-65 


710315 


996 


312903 


779128 


952 


2990*80 


71181O 


997 


3132*17 


780693 


953 


2993'94 


713306 


998 


3135*31 


782260 


954 


2997-08 


714803 


999 


3^38-45 


783828 


955 


3000-^2 


716303 


1000 


3141-59 


785398 



52 KUMBERS AND FIGURES. 



TRIGONOMETRICAL RULES. 

(The following is a summary of the principles and chief roles of 
trigonometry. In applying those rules to ordinary mechanical 
questions, a very brief table, such as Table 6, is sufficient; but for 
purposes of surveying, astronomy, and navigation, it is necessary to 
use tables too voluminous to be included in such a work as this.) 

I. Trigonometricai Functions Defivjed, — Suppose that A, B, C 
stand for the three angles of a right-angled triangle, being the 
right angle, and that a, 6, c stand for the sides respectively opposite 
to those angles, c being the hypothenuse ; then the various names 
of trigonometrical functions of the angle A have the following 
meanings : — 

• A ^ A ^ 

Sin A = - : cos A = - : 
c c 

. c—h . . c— a 
versm A == ; coversm A = : 

tan A = T ; cotan A = - : 
o a 

K ^ A ^ 

sec A = 7 : cosec A = -. 
a 

The complement of A means the angle B, such that A + B = a 
right angle; and the sine of each of those angles is the cosine of the 
other, and so of the other functions by pairs. 

II. Edations amongst the Trigonometrical Functions of One 
Angle, A, and of its Supplement, 180° — A: — 

A /T 9~T tan A 1 

sm A = V 1 — cos^ A =: 



cos 



A = \/ 1 — sin* A ^ 



sec A cosec A' 
cotan A 1 



cosec A sec A' 
versin A = 1 — cos A; 
coversin A := 1 — sin A ; 

tan A r= r = — r r = sin A * sec A = J sec* A — 1 : 

cos A cotan A 

ootau A = - — r = i r = cos A • cosec A = n/ cosec* A — 1 : 

sin A tan A 

sec A == r ^ n/ 1+tan* A: 

cos A 

cosec A = -, — r = >/ 1 + cotan* A. 
sm A 
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8m(180« — A) = 8mA; 
coB (180* — A) = — COS A; 
versin (180" — A)= 1 +cob Ass2 — TersinA; 
coversiD (180* — A) = coyerain A; 
tan (180" — A) = — tan A ; 
cotan (180" — A) = — cotan A; 
sec (180" — A) = — sec A; 
cosec (180" — A) = cosec A. 

To compute sines, dec, approximately by series; reduce the 
angle to circular measure — that is, to radius-lengths and fractions 
of a radius-length (see Table 5) ; let it be denoted by A« Then 

• A _ A A* A.S AT 

^ ^ " ^ " 2.3 ■*■ 2.3.4.5 " 2.3.4.5.6.7 ■*■ *^ 
^ , A2 A* A« 

cosA=l--^ + 2jj- 2^:4X6 "■ ^ 

m Trigonometrical FundtwM of Two Angles :-~^ 

sin (A =±= B) = sin A cos B ^= cos A sin B; 
cos (A =±: B) = cos A cos B =p sin A sin B; 

/ A . -nv tan A =i= tan B 

tan (A =±= B) = .i j-r — 5. 

^ ^1 =;= tan Atan B 

IV. FomvulcB/or the SoltUton of Plane Triangle. — Let A, B, C 
be the angles, and a, b, e the sides respectiyely opposite them. 

1* BelatlvBs am«Bgat the Angles — 

A -I- B -I- C = 180**; 
or if A and B are giyen, 

C = 180* - A - B. 

2, When the Anglee and One Side ue gtveBt let a be the giyen 

side; then the other two sides are 

. sin B sin 

= a • — — T- ; e =: a' -. — r-. 

sm A sm A 

3. When Twe Sides and the lacladed Angle are glTeaf let a, 5 be 

the giyen sides, C the giyen included angle; then 
To find the third side. First Method: 

c=^(a« + 62-2a6cosC); 

Second Method: Make sin D = r- • cos -5- : then 

a+ 6 2 

c = (a + &) cos D. 
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Third Method: Make tui £ a \ '^ 'Sl tbea 

e OB (a - 5) sec E. 

To find the remaining cmglea^ A and B. 
If the third side has been oomputedy 

sin A = - ' sin C : sin B ss - ' sin, OL 
c ' e 

If the third side has not been computed^ 

A + B ^ ^ A-B a-6 ^ 

tan • — s — = cotan ^ : tan — tt — = =- cotan 7; : 

2 2' 2 a + 6 2' 

A + B A-B ^ A + B A-B 

A - — y- + —2~; ^ - —2 2~' 

4. When tke Three BULtm are gtren, to find any 07te o/ihe angles, 

such as C — 

cos O « — 5 — 7 — ; 

2 ab ' 

or otherwise^ let 

* « ^ ; then 



cotanf = ./^^SLzA ; tan? = a/ (i^L^Hlll^; 

ttn C = 2N/jr(jy-a) (g - 6) (g - c) 

a 6 

Note. — In all trigonometrical problems, it is to be borne in mind, 
that small acute angles, and large obtuse angles, are most accurately 
determined by means of their sines, ta/ngents, and coseca/ntSy and 
angles approaching a right angle by their cosines, cotcmgents, and 
secants. 

5. To Solre a Bight-attgled Trinngle.— Let C denote the right 

angle; c the hypothenuse; A and B the two oblique angles; a and 
b the sides respectively opposite them. 

Given^ the right angle, another angle B, the hypothenuse c. 
Then 

A = 90° - B; a * c • cos B; 6 = c • sin B. 
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CSven^ {he rigiit aai^e, snolSlker mgle B, ft mSk m^ 

Given, the light angle, and tha mim a, i, 

tan A s T i *M^ B = - : c = i^/ o* + 6*. 
Oiyen, the right angle, the kypothennae e; a side a, 

sin A = cos B = - ; 6 = ^/ c* — o*. 

c 

Given, the throe sides a, &, c, which fulfilling the equation 
c? s a^ + 6^^ the triangle is known to be right-angled at 0. 

sinA = -: sinB =-. 
c' c 



6. T« BzpMMAe AMa •€ a PlaiM TrfaiiglB te T«nu •f its BMm 

Given, one sLde, e, and tiie angles, 

- _ c^ sin A an B 
2 ainO 

Given, two sides, (, e, and the included angle A 

ft c * sin A 
° 2 ' 

Given, the three sides a, 6, c Let = = •; then 

Area = fj < ^ (» — a) (« — 5) (« — c) V . 

V. Bules for the SolvJtion of Sphericat Triangles, — Let A, B, O 
denote the three angles of a spherical triangle, and «> /3, y, the 
angles subtended by its sides at the centre of the sphere, called for 
brevity's sake, the sides. 

The spJierical excess means, the excess of the sum of the angles 
A + B + C above two right angles. 

- Spherical excess area of triangle 

4 right angles surface of hemisphere' 

2. To compute the approximaite spTiarical excess, m seconds, of a 
triangle on the earth's sur&ce whose area is given; divide that 
area by one or other of the following divisors, according as it is 
given in square feet, in square nautical miles, or in square mitres :^* 

Areagtrenin DiyiBor. Com. Log. 

Square feet, 2,115,500,000 9*3254101 

Square nautical miles, 57*29578 17581226 

Square mitres, 196,530^000 8-2934243 
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3. Oiven, two angles of a spherical triangle, and the side between 
them; to find the remaining sides and angle-— 

Let A, B be the given angles, and y uie given side. Then, to 
find the remaining sides, « and /8-— 

A-B 

. ^ cos s 

tanti^^tan?- ^ 



2 -^2 A + B' 

cos-^— 

. A-B 

^ sin — s — 

tan — 55 — = tan 



2 . A + B' 

Bin— ^~ 

• -h fi . tt - fi a -^ fi tt -^ fi 

To find the remaining angle, C, we have the proportion- 
sin «: sin /3 : sin y :: sin A : sin B : sin C. 

4. Given, two sides of a spherical triangle and the angle between, 
them; to find the remaining side and angle — 
Let ce, /3 be the given sides; C, the given.angle. 
First Method. — To find the remaining side, y; 

cos y = cos « * cos /3 4- sin « * sin /3 * cos 0; 

but this formula being unsuited to calculation by logarithms, the 
following has been deduced from it : — 

Make sin D = cos o * A /sin « * sin i0; then 

and to find the remaining angles, we have the proportion, 
sin y : sin « : sin /3 : : sin C : sin A : sin B. 

Second Method. — ^To find the remaining angles, A, K 

, A + B cos-^-'cotan^ 
tan — 5 — = • 

cos-^ 

. »^ $ , 
A-B sm-^-'ooten-g 

tan — = — = ; 

2 . > + /8 ' 

sin — t: — 



sm 
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A _ A 4- B A- B ^ A + B Aj-B 

A - — g— + 2 > ^ - 2 2 

The remaimng side, y, is fonnd hj the proportion stated 
above. 

5. The three sides of a spherical triangle being given, to find 
the angles — 

Let be the angle sought in the first instance. Then 

^ cos y — cos » ' cos fl 

cos O =5 ; ; — ; 

sin « * sin iS ' 

or otherwise- 
Let c = — - denote the half sum of the sides; 

C08j=A/55Zl!E5Ei); cn'T. g _x / 8in(or~«)(8ina-l) 
2 V sin«*Bin/3 -^ V sin«i*sin/8 

C C C C 

cos ^ is best when ^ approaches a right angle; sin x when j^- issmalL 

These formulse will serve alike to compute any angle. If it is 
desired to express the angle sought by A or bj B, the following 
substitutions are to be made in the formulse : — 

For the following symbols in the formulse for C,... » fi y 

Substitute respectively in the formulse for A,... /3 y « 

— — — — for B,... y • /8 

6. In a right-angled spherical triangle, the right angle and any 
two other parts being given, to find the remaining parts — 

liCt C be the right angle, and y the side opposite to it 

Case L Two sides being given, the third is found by the 
equation- 
cos » • cos /3 = cos y; 

and the oblique angles by the equations — 

cos A = cotan y * tan /8; cos B = cotan y * tan «; 

or by the equations — 

cotan A = cotan « * sin /S; cotan B = cotan /3 • sin «• 

Casb II. Given, a side («) and the opposite angle (A). Find 
the side /3 by the formula — 

sin /9 = tan « * cotan A; 

then find y and B as in Case L 
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Case UL Given, a mde (») and the adjaeeat angle (B). Find 
tlie side y hj the formula — 

ootaa Y » ooa A' cotan fi; 
then find » and B as in Case L 
OAflB lY. Given, two aiq^es, A, 



cos A . cos B , . _. -^ 

cos « s -; — r=r; oos /I « -? — j- 1 COB r = ootaa A • eotsn BL 

sin B sin A 

YI. Approximate SoluHona of Spherioal Triangles, uaed in 
TrigonometriccU Surveying, 

1. Given, in a triangle on the earth's surface the length of one 
side, c, and the adjacent angles, A, B; to find approximately the 
third angle, 0. 

Calculate the approximaie area of the triangle, as if it were 
plane. From that area calculate the '^ spherical excess," X. Then 

C = ISCr + X - A - B. 

2. To find approximately the remaining sides, a, 6, of the same 
triangle. Let «, /S, y be the angles subtended by the sides. 

From each of the angles subtract one-third of the spherical 
excess, and then treat the triangle as if it were plane. That is to 
«ay — 



sin (C - j) sin (C - f) 



Problem Thibd. — Given, in a triangle on the earth's surface, 
two sides, a, 5, and the included angle, C, to find the remaining 
side, c, and angles, A, B. 

Compute the approximate a/rea as if the triangle were plane ; 
thence compute the spherical excess, X, and deduct one-third of it 
from the given angle. Then consider the triangle as a plane 
triangle, in which are given the two sides a, b, and the included 

X 

angle C'= C — -^, and find the third side, c, and the remaining 

angles. A', B^. Then for the remaining angles of the real spherical 
triangle, take 
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Table 6. — ^Abcs, Sihibs, akd Tasoests, vob xvxet Dbgou 

FfiOX l"* TO 89^ 
EXFLANATIOK. 

1. Tlie tabid prw axci and their oomplementi in dnular 
measavRy sines and cosines, tangents and cotaDgents, for every 
whole degree, correct to five places of decimals. 

2. Arcs containing fractions of a degree may be foimd eithit 
by the aid of Table 4, Divisions I and L, or by multiplying the 
fractional part by 0*01745, and adding the product to the arc 
corresponding to the whole number of degrees. 

3. For finding the sines, &a, of angles containing fractions of a 
degree, the following process is correct to the following numbers of 
places of decimals : — 

For sines and tangents of angles between 0® and 6% ] m n 
For cosines and cotangents of ancles between 84** > , 
and 90^ .: j P^^i 

For sines of angles between 6° and 90^, '^ 

For cosines of angles between 0° and 84^ 1 To four 

For tangents of angles between 6^ and 30^, [ places; 

For cotangents of angles between 60° and 84°, J 

For tangents of angles between 30° and 45°, ) To three 

For cotangents of angles between 45° and 60°, J places. 

Multiply the fraction of a degree by the difference between the 
values of the quantity to be found for the next lower and next 
higher whole numbers of degrees, and add the product to the value 
for the next lower whole number of degrees. 
Example.— Required the sine of 30° 20' = 30° J. 

Sine of 30°, -50000 

Sine of 31°, . -51504 

Difference, -01504 

•00501 
Add sine of 30°, -50000 

Sin 30°^, correct to four places of decimals, -50501 

4. The sine or cosine of an angle containing a fraction of a degree 
may be found correct to five places of decimals, when required, as 
follows : — Find a first approximation to the sine or cosine by the 
preceding rule. Then multiply together the given fraction of a 
degree, the difference between that fraction and unity, the fraction 
"00015, and the approximate sine or cosine already found; the 
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product will be a oorrection, to be added to the approximate sine 
or cosine for a more exact 'valne. 

Example. — ^Eequired the sine of 30°^, correct to five places of 
decimak. 

First approximation, as already found, *50501 

Correction to be added, i x | x -00015 x -50501 = -000017 

Stjm -505027 
flo that the sine required, to five places of decimals, is -50503. 

cobbeonon-factobs, to multiply appboxihate slkes ain> 

Cosines. 



Ulnatan 


Factora. 


Hiimte8i 


5 


I-OOOOII 


55 


lo 


I -00002 1 


so 


15 


1*000028 


45 


ao 


1-000033 


40 


as 


1-000036 


35 


SO 


1-000037 


30 



Ang^le 


Arc. 


Sine. 


Tangent 


Ci>-Cangent 


Co-nne. 


Co-MC Co-angkb 


l". 


..01745. 


.,01745. 


..01746.. 


.57'28996...99985...: 


t*55335-89* 


2 


0349^ 


03490 


03492 


28*63625 


99939 2 


t 53589 


88 


3 


05236 


05234 


0524X 


19-08114 


99863 ] 


1-51844 


87 


4 


06981 


06976 


06993 


1430067 


99756 : 


[-50099 


86 


5 ...08727. ..08716.. .08749.. 


.11-43005.. .99619...1 


1-48353-85 


6 


10472 


10453 


105 10 


951436 


99452 3 


[•46608 


84 


7 


I2217 


I2187 


12278 


8-14435 


99255 ^ 


[•44863 


83 


8 


13963 


1^3917 


14054 


7-11540 


99027 ] 


i-43"7 


8a 


9 ...15708... 15643... 15838.. 


. 6-31375.. .98769...] 


[-41372. 


..81 


ID 


17453 


17365 


17633 


5-67128 


98481 ] 


[-39627 


80 


II 


I9199 


1 908 1 


19438 


5U455 


98163 ] 


1-37881 


79 


12 


20944 


20791 


21256 


4-70463 


97815 ^ 


t -36 1 36 


7« 


13 . 


..22689.. .22495. ..23087... 4*33^48. ..97437 — 3 


t-3439i- 


•77 


14 


24435 


24192 


24933 


4*01078 


97030 ] 


t -32645 


76 


15 


26180 


25882 


26795 


373205 


96593 ^ 


[•30900 


75 


16 


27925 


27564 


28675 


3-48741 


96126 ] 


^29155 


74 


17.. 


. 29671. ..29237. 


..30573- 


. 3*27085. ..95630...] 


[•27409...73 


18 


31416 


30902 


32492 


3-07768 


95106 ] 


[*25664 


72 


19 


33161 


32557 


34433 


2-90421 


94552 3 


[23919 


71 


20 


34907 


34202 


36397 


2-74748 


93969 ] 


[•22173 


70 


21... 


. 36652., 


•35837—38386... 


, 2-60509.. .93358...] 


[-20428.. 


,.69 


22 


38397 


37461 


40403 


2-47509 


92718 ] 


t*i8683 


68 


23 


40143 


39073 


42447 


235585 


92050 ] 


t-16937 


67 


24 


41888 


40674 


44523 


2*24604 


91355 1 


1-15192 


66 


25- 


. 43633- 


..42262. ..46631.. 


. 2*14451. ..90631...] 


f-i3447-< 


.65 


26 


45379 


43837 


48773 


2-05030 


89879 ] 


[*ii7oi 


64 


27 


47124 


45399 


50953 


1*96261 


89IOI 1 


[•09956 


63 


28 


48869 


46947 


53171 


1-88073 


88295 ] 


[*o82II 


6a 


29.. 


. 50615.. .48481. ..55431.., 


. 1*80405. ..87462...] 


[•06465. ..61 


30 


52360 


50000 


57735 


1*73205 


86603 1 


[•04720 


60 


31 


54105 


51504 


60086 


1*66428 


85717 3 


c -02975 


59 


32 


55850 


52992 


62487 


1-60033 


84805 1 


[•01230 


58 


33- 


. 57596.. 


.54464.. 


..64941... 


• I '53986... 83867.., 


99484.. .57 


34 


59341 


55919 


67451 


1*48256 


82904 


97739 


56 


35 


61087 


57358 


70021 


i'428i5 


81915 


95993 


55 


36 


62832 


58779 


72654 


1-37638 


80902 


94248 


54 


37- 


. 64577. ..60182. ..75355... 


, 1*32704.. .79864... 


92503. 


•53 


38 


66322 


61566 


78129 


1*27994 


78801 


90758 


53 


39 


68068 


62932 


80978 


1*23490 


77715 


89012 


51 


40 


69813 


64279 


83910 


1-19175 


76604 


87267 


50 


41.. 


. 71558. ..65606.. 


..86929... 


. 1-15037—75471.- 


85522...49 


42 


73304 


66913 


90040 


i-iio6i 


74314 


83776 


48 


43 


75049 


68200 


93252 


1-07237 


73^35 


82031 


47 


44 


76794 


69466 


96569 


103553 


7^934 


80286 


46 


45- 


. 78540.. 


.70711 ] 


[. 00000... 


, i-ooooo.. 


.70711... 


78540...45 


Co-angle. Co-arc 


Co-sine. 


Co-tangent. 


TangenL 


Sine. 


Arc 


Ai«lc 
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EXILES FOR THE MENSUBATIOK OF IIOUBB& 



SeCKKUT L-— PkAHE AUKAfL 



1. Pi»aiM««miik Bulb A. — ^Multiply the length of one of the 
Bides by the perpendicular distance between that side and the 
opposite side. 

£uLE K — ^Mnltiplj together the lengths of two adjacent sides 
and the sine of the angle which they make with each other. 
(When the parallelogram is right-angled, that sine is = 1.) 

2. TnqpcsMid (or four-sided figure bounded by a pair of parallel 
straight lines, and a pair of straight lines not parallel). Multiply 
the half sum of the two parallel aides by the perpendicular distance 
between theuL 

3. Titettgie. E,X7LE A. — Multiply the length of any one of the 
sides by one-half of its perpendicular distance from the opposite 
angle. 

Rule 6. — ^Multiply one-half of the product of any two of the 
sides by the sine of the angle between them. 

BuiiE C. — Multiply together the following four quantities : the 
half sum of the tluree sides, and the three remainders left after 
subtracting each of the three sides from that half sum ; extract the 
square root of the quotient; that root will be the area required. 

Note. — Any polygon may be measured by dividing it into tri- 
angles, measuring those triangles, and adding their areas together. 

4. Parabolic FiffMrM •€ the Tiiiwi Degree.— The parabolic figures 
to which the following rules apply are of the following kind (see 
£g& 1 and 2.) One boundary is a straigfit line, A X, called the 
hose or axis; two other boundaries are 
either points in that line, or straight a s ^ S) 
lines at right angles to it, such as 
A B and X 0, called ordinatea; and 
the fourth boundary is a curve, B C, ^ 
of the parabolic daas, and of the thM 
degree; that is, a curve whose ordinate *^ ^ ^' 

(or perpendicular distance from the base A X) at any point is 
expressed by what is called an algebraical function of tite third 
degree of the abscissa (or distance of that ordinate from a fixed 
poi^t in the base). An algebraical function of the third degree of a 
quantity consists of terms not exceeding four in number, of which 
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one may be constant, and the rest must be proportional to powers 
of that quantity not higher than the cube. 

BuLE A. — ^Divide the base, as in fig. 1^ into two equal parts 
or intervals; measure the endmost ordmates, A B and X C, and 
the middle ordinate (which is dotted in the figure) at the point of 
division; add together the endmost ordinates andy^mr times the 
middle ordinate, and divide the sum by six; the quotient will be 
the mecm breadth of the figure, which, being multiplied by the 
length of the base, A X, will give the area. 

E.ULE B. — Divide the base, as in fig. 2, into three equal intervals; 
measure the endmost ordinates, A B and X C, and the two inter- 
mediate ordinates (which are dotted) at the points of division; add 
together the endmost ordinates and three times each of the inter- 
mediate ordinates; divide the sum by eig?U; the quotient will be 
the Tnean breadth of the figure, which, being multiplied by the 
length of the base, A X, will give the area. 

In applying either of those rules to figures whose curved 
boundaries meet the base at one or both ends, the ordinate at each 
such point of meeting is to be made = 0. 

5. Anj Plane Area.— Draw an axis or base-line, AX, in a con- 
venient position. The most convenient position is 
usually parallel to the greatest length of the area to 
be measured. Divide the length of the figure into a 
convenient number of equal intervals, and measure 
breadths in a direction perpendicular to the axis at 
the two ends of that length, and at the points of 
division, which breadths will, of course, be one more 
in number than the intervals. (For example, in fig. 
3, the length of the figure is divided into ten equal 
intervals, and eleven breadths are measured at &o, b^, 
&c) Then the following rules are exact, if the sides 
of the figure are bounded by straight lines, and by 
parabolic curves not exceeding the third degree, and 
are approximate for boundaries of any other figures. 
Fig. 8. BuLE A. {^^Svm/psorCs First Rrde,^ to be used 

when the number of intervals is even.)— Add together 
the two endmost bi'eadths, tioice every second intermediate breadth, 
And four times each of the remaining intermediate breadths; mul- 
tiply the sum by the common interval between the breadths, and 
divide by 3; the result will be the area required. 

For two intervals the multipliers for the breadths are 1, 4, 1 
(as in Bule A of the preceding Article); for four intervals, 
1, 4, 2, 4, 1 ; for six intervals, 1, 4, 2, 4, 2, 4, 1 ; and so on. These 
are called "Simpson's Multipliers." 

Example. — Length, 120 feet, divided into six intervals of 20 
feet each. 
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BraadtiisbiFMt Simpson's PnvlnAta. 

17-28 1 17-28 

16-40 4 65-60 

1408 2 2816 

10-80 4 43-20 

7-04 2 14-08 

3-28 4 13-12 

1 0-00 

Sum, 181-44 
X Common interval, 20 feet 

-r 3) 3628^ 

Area required, 1209-6 square feet 

Rule B. ("StrnpsorCs Second Bide^* to be used when the 
number of intervals is a multiple of 3.) — ^Add together the two 
endmost breadths, Uoice every third intermediate breadth, and 
^rice each of the remaining intermediate breadths; multiply the 
sum bj the common interval between the breadths, and bj 3; 
divide the product by 8; the result will be the area required. 

"Simpson's multipliers" in this case are, for three intervals, 
1, 3, 3, 1 ; for six intervals, 1, 3, 3, 2, 3, 3, 1 ; for nine intervals, 
1, 3, 3, 2, 3, 3, 2, 3, 3, 1 ; and so on. 

EiAMPLTL — ^Length, 120 feet, divided into six intervals of 20 
feet each. 

Broaden in Feet Simpson's t>.ww<»»a. 

«Dd Decimals. Multipliers. IToanoti. 

17-28 1 17-28 

16-40.;. 3 49-20 

1408 ..3 42-24 

10-80 2 21-60 

7-04 3 2112 

3-28 3 9-84 

.- 1 0-00 

Sum, 161-28 
X Common interval, 20 feet. 

3225-6 
X 3 

4-8 )5676^ 

Area required, 1209-6 square feet 

Rexabxs. — ^The preceding examples are taken from a parabolic 
figure of the third degree, for wtiich both Simpson's Bules are 
exact; and the results of using them agree together precisely. For 
other figures, for which the rules are approximate only, the first 

F 
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rule is in general somewhat more flocnrate tlian<ibe wwH i ril , and is 
therefore to be used unless there is some special .reason for pre- 
ferring the second. 

The probable extent of error in applying Simpson's First Rule 
to a given figure is, in most cases, nearly proportional to the fourth 
power of the l^ogth of an iiiterval. 

The errors are greatest where the boundaries of the figure are 
most curved, and where they are nearly perpendicular to the axis. 
In such positions of a figure the errors may be diminished by sub* 
dividing the axis into smaller intervals. 

BuLE 0. (" Merrifidd^a Trapezoidal Rvle^^ for calculating sepa- 
rately the areas of the parts into which a figure is subdivided by 
its equidistant ordinates orbreadthsi) — Write down the breadths 
in their order. Then take the differences of the successive breadths, 
extinguishing them^into pontiv^ und mgnUve according as the 
breadths are increassng or 6mnm$hing, and write them opposite 
the intervals between 'tiie breadths. Then take the differences 
of those differences, or fseoond di^fferetteea, and write them opposite 
Xhe intervals between the first differences, distinguishing them into 
positive and negative according to the* following principles : — 

Firsl DiffeiBnQB& £eoand Diif erenca. 

Positive increasii«, or ) ^^^^ 

Negative dinunismng, J 

Negative increasing, or \ -NTpaativP 

Positive dimmishing, J ° 

In the column of second differences there will now be two blanks 
opposite the two endmost breadths; those blanks are to be filled up 
with numbers each forming an arithmetical progression with the 
two adjoining second differences, if these are unequal, or equal to 
them, if they are equal. 

Divide each second "difference by 12; this giT«s a correction, 
which is to be subtracted from the breadth opposite it if the second 
difference is peeitvoe, and added to that breadth if the second 
difference is ne^tive. 

' Then to find the area of the division of the figure contained 
between a given "^jair of ordinates or breadths; mvltiply tJie halj 
sum qfUie corrected breadths by the interval between them. 

The area of thewihole figure may be formed either by adding 
together the areas of ail ite ^divisKais, or by adding together the 
halves of the endmost corrected breadths, and the whole of the 
intcratediate breadths, jand jmiltip^^ii^ the sum by the ccmunon 
interval. 

ExAHPUBi — ^Lengthy 120.£iBety diviiied into sis intervals of 20 feet 
<)adL 





.1 


iwwnryrioa iiF aeeas. 




3'i 


Feet and 
DedmalB. 


Tint 


DUreranoM. 


CoxreettonaL 


Cometod AnmoC 
Bnadtha I)lTialaii& 


17-28 




(— 1:9a) 


+ 0-16 


17-44 ) 

> 339*6 
16-52 I 

[306-8 
14-16 

> 250-0 
10-84 \ 

7-04 ] 

> 102*8 




0-88 






16-40 




— 1-44 


+ 0*12 




— 232 






14-08 




— 0-96 


+ o-o8 




— 3-28 






IG'Bo 




— 0-48 


+ 0-04 




TI6 






7-04 












— T7^ 






3-28 


— 3'^ 


+ 0-48 


— 0*04 


324 '■ 


r 

• 31-^ 







(+ 0-96) 


— o-o8 


— o-o8 • 





Total area^ square feet, 1209-6 

The second differences enclosed in parentheses at the top and 
\Mom. of the colnmn are those filled in by making them form an 
arithmetical progression with the second differences adjoining them. 
The last corrected breadth in the present example is negative, 
and is therefore subtracted instmd .of added in the ensuing com- 
pntatioiL 

EuLE D. — ('^Camtmm Trapezoidal 22«2e/' to be used when a 
rough approximation is flmfficient.) Add together the halves of the 
endmost breadths, and' the whole of the intermediate breadths, and 
multiply the sum by iiie common interval 

ExAMPT.K. — ^The-sastte as befora 



Feet 

8-64: 

16-40 

14-08 

10-80 

7-04 

3-28 

' 

60-24 
20 

• 1204-8 square feet. 
. 1209-6 

Error, — j4 -6 square feet, 

6* •CiMie*— The area of a circle is equal to its circumference 
multiplied by one-fourth of its diameter, And thecefiace toiihetsqiiane 
of the diameter multiplied by one-fourth of the ratio of tfao.Gifi6iun- 



Half breadth atme end, 17*28 ^ 2 = 



Intermediate breadths, 



Half breadth at the other end, • 

X Common interval. 
Approximate area, 

Trae area as befoce computed, . 
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ferenoe to the diameter. The ratio of the area of a circle to the 

square of its diameter (which ratio is denoted by the symbol jj 

is inoommenaurable; that is, not expressible exactly in figures ; but 
it can be found approximately, to any required degree of precision. 
Its value has been computed to 250 places of decimals; but the 
following approximations are close enough for most purposes, 
scientific or practical : — 

Approximate Vahies of?- ^*"°"^Sr2bOTt "* ** 

•7853981634 - + one-300,000,000,000th. 

•785398 + -one-5,000,000th. 

•7854 - + one-400,000th. 

355 

r—TTo - + one-13,000,000th. 

4 X 113 

jj - + one-2,500th. 

Tables 4 and 5 contain examples of the results of such calculations. 
The diameter of a cirde eqtud in area to a given eqiuxre is very 
nearly 1*12838 x the side of the square. The following table gives 
examples of this : — 

Table 4 k. — ^Mui/npijEBS fob CoNVEBTnira 

SidM of Squares into 
Diametonof 
EquAl OiroleflL 

z 1-12838 

2 2*25676 

3 338514 

4 4-5i35» 

5 5*64190 

6 6*77028 

7 7-89866 

8 9-02704 

9 10*15542 
10 11*28380 

7. The area of a cireaiar 8eci«r (O A C B, fig. 4) is the same 
^ y fi»ction of the whole circle that the 

angle A O B of the sector is of a whole 
revolution. In other words, multiply 
half the square o/ihe radius, or (me-eigfuh 
of the square of the diameter, by the 
^ .oT circular measure (to radius unity) of the 

^^ *• angle A O B; the product will be the 

area of the sector. (For circular measures of anglesf, see Tables 
4 and 6.) 



Diametars of OlrolM 

into Sides of 

Equal Squares; 


r 


0*88623 


I 


1-77345 
2-65868 


2 

3 


3*54491 


4 


4*43"3 
5*31736 


5 
6 


6-20359 
• 7-08981 

7*97604 
8*86227 


7 
8 

9 
10 
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8. A ctrcaiar Scgmeat (A D B C, ^%, 4) is equal to the sector 
A C B less the triangle O A B. Hence, from the circular 
measure of the angle A O B subtract its sine; multiply the re- 
mainder by half the square of the radius; the product wUl be the 
area of the segment. 

9. Circaiar Spandriis. Case L — Spandril A E, bounded by 
the arc A C, the tangent C E, and the external secant A E. From 
the tangent of the angle A O C subtract the circular measure of 
that angle; multiply the remainder by half the square of the 
radius; the product will be the area. 

Casb IL— Spandril A C F, bounded by the arc A C, the tangent 
C F, and the straight line A F perpendicular to F. From twice 
the sine of the angle A O C subtract the circular measure of that 
angle, and half the sine of double the angle ; multiply the remainder 
by half the square of the radius; the product will be the area. 

10. BUipM. Case I. — Given (in fig. 5), the two axes, A O a, 
B &. Multiply the lengths of those axes togetheri and their pro- 

dactby t' (See Article 6 of this section.) 

Case II. — Given, a pair of conjugate 
diametera, C O c, D O <^ (that is, a 
pair of diameters each of which is par- 
allel to the tangents at the ends of the 
other). From one end of one of those 
diameters (as D) let fall D E perpen- 
dicalar to the other diameter, c; multiply Cc by twice D E, 

and the product by j; or otherwise— multiply together the given 

ooDJiigate diameters, and their product by the sine of the angle 

lietween them, and by -r. 

11. Bntpac 8eclM» wmA 8egM«Ma^In fig. 6, let O A, B, be 

the greater and lesser semi-axes of an ellipse, 
AC D B a quadrant of that ellipse, O D an 
elliptic sector, and D an elliptic segment, 
Ahout O with the radius O A describe the 
circular quadrant Kcdh\ through C and D 
daw c and D d parallel to O B, cutting the 
ciide in c and d. Join Oc^OdyOd. iSieii 
as OA 
: is to OB 




Fig. 6. 



::aoi8thecircular /"^^'^^^ , 

( or segment c a 

itotheeUiptic X^'^^^Jl^ 
^ (or s^ment D. 




Rgi 6. 
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12. wvwwii* flteiMP^Ia fig 7, lei tbe straight lines O X, O Y, 
be the aaympUim of a- faypesbola^ A and B two points in tbat 

fayperbola, and O AB a hypetMic 
a&atory wliose araa is reqmred. A 
characteristic property of the h j- 
perbola is tlie following: that if 
from any point in rty such as A or 
B^ there be drawn straight lines 
pnaUel to thv aiayniptotos^ so as 
to enriose a paiallelograniy sneh as 
OOAEorODBF, the areas of 
all such parallelograme shall be 
equal for a given hyperbola. Let 
the ooBimon area ofthem all forthe 
given h3rperbola'be called tibe moduluB; then the area of the sector 
A O B is equal to the modultis • multiplied by the hyperbolic log- 

AG B F 

arithm of the ratio g^g = jjg (For hyperbolic logarithms, see 

Tables 3 and 3 a.) The areas ACDB and AEFB areeachof 
them equal to the sector A O B. 

13w MaiMBBiri Covre (see fig. 8)^ Casob I. Single ffcmnonic 
Cwrve.-'JjBt A B be the basfriOKL the hei^t of a harmonic 

curve^ O being the 




Vl^ 7* 




middle of the 
TfaeordixttteXY.aIr 
any point, X, in the 
base, is equal to O 
Q multiplied by the 
of' an. vmf^ 



bearing the same proportion to two right-angles that O X bears to 
A B. Then the area A C B is equal toABxOCx^ The 

approximate value of -, correct to about one-2,0D0,000th, i& '6S6E2. 

Cask IL Dovhle ffarmome Gwrm, orCturve of Yen&d Sinn, — 
Let the harmonic curve be continued to D and E as £Eur below A B 
as C is above that line; the arcs A D and* B E being* similar to 
A C and B 0, but inverted; so that the new base D E is- twice the 
length of A B, and is a^tao^nt to the curve at D and E; and the 
new height F C is twice C. Then the area D C E = D E x 

FO xg. 

14. TO I ■Hi Id, or Boning - Wii i p O i — (see fig. 9). — ^Let a circular 
disc, n, roll along a straight line, E F; then a(;(M9n^peie^ ^fixed 
in the rolliug disc traces a trochoSd, wof wlich A C B is one wave. 



jsmaaattxios or 
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exteodiii^ fran one of tlM Icvwesi poaitioiit of tin tfwui9*P^^^ ^ 

the next. Let the base of the figure to be measured be the straight 

line^ A B, tonchii^ the ^ — s. 

trochoid at A and B; /^ C ^V 

then the length of that 

base is equal to the 

circumference of the 

rolling circle, Hj and. 

the extreme- breadth, of ^- ^* 

tbft figoiB^ G I>, is tnwebthe <foc fi i y i rM mi or distenee of the 

tcBciiig-pouit' fixM ithe centrer of tbe* rolling citde, 

Tb find the azea,. A G B; nrahiplytfae baaey A B, by the tracing- 
radius, ^ C D, and to the product add the area ai the oirde 
deasiifaed on G D 'asa diameinrx . 

15. caienarr, or Chain-c uiy& i Bk fleefcieg IV., finther on. 




Sflonoar IL — GTLimniicttx; Comcrix, Asm Bfherical' Abxas. 

1. Cylinder.— The curved surface of a cylinder is measured bj* 
multijidying its drcumliBreaee by ittflengdk. 

2. eomtu The curved sarfiaee of a ri^ oone is" gamkr- thair 
the areavof its csrculaTibaaey in thesame prcmrtioiK in iwhseh the 
slanting side of the cone is longer then the xaoins of its baae. 

3. a n ii mm T he surface of a sphereis eqnalto theonrred aaiSaioe 
of the circumseribBd cyHndoB— that i% to the duuaeter of the sphece 
multiplied by its cixcumleBenflB^ oc.tofoDC tLmeethe ana of a^greai 
circle of the sphere. 

L wpjbgwicwi siMH»<aBA ftiieiiMf Thfi aDOi' of' 01 zooei or belt, 
or of '.a segment of a. sphere, iB< equal ta tiwfc' of- & zone of eqeal 
height on the curved surface of the circumscribed cylinder. In 
other words^ . multiply the. hM^^t^ of < the zone or segment by the 
circamfer^ioe of &.greai€urGie.of .the.s^ijkere. . 

Thus, in figi: 10, B AG is a* heodfqpfaere; B D E G, a cironm* 
scribed cylinder ; O A, theaxis of. 
that cylinder ; F El, a plane per* 
pendicular to that axis, cutting 
it in H, and cutting the sphere 
in the small circle I J. Then 
I A J is a segment of the sphere ; 
and its area is equal to that of 
the cylindrical belt F D E K, or 
to the circumference of the sphere 
X A H; and B I J G is a zone 
or belt of the sphere, whose area ^^' ^^• 

is equal to that of the cylindncal bdt.B F K 0, or to. the dr* 
cami'erenoe of the sphere x H 0. 
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5, Sphericid Trteiqle.— As a complete revolution (or fonr right* 
angles) 

: is to the spherical excess (see Trigonometrical Boles, 
Division V.), 
: : so is the surface of the hemisphere 
: to the area of the triangle. 

SECnON III. — ^VOLUIIES. 

1. Amj Prlmt or Cyllmdier with PhuM Pmrallel Bsda. BULE A. — 

Measure the sectional area of the prism or cylinder upon a plane 
perpendicular to its axis; midtiplj that area by the length; the 
product will be the yoluma 

BuLE B. — ^Multiply the area of either end by the perpendicular 
distance between the planes of the ends. 

2. Recttuigalar Priam* -with Plane BaAi not PamUoL — Measure 

the sectional area on a plane perpendicular to the axis; multiply it 
by the half-sum of the lengths measured along a pair of opposite 
edges. 

3. Triangular Prtenii wllk Plane Endi noc Parallel. — ^Measure 

the sectional area on a plane at right angles to the axis; multiply 
by the third part of the sum of the lengths of the three edges. 

4. Bectangnlar Prion with Gnrred Snda {" WooUe^S Rvls"). — ^Add 

together the lengths along the middles of the four faces of. the 
prism, and twice the length along the axis, and divide the sum by 
8ixy for the mean length; multiply the mean length by the sec- 
tional area measui;ed on a plane perpendicular to the axi& 

This rule is exact when the ends of the prism are curved surfaces, 
of a degree not exceeding the third, and approximate for other 
curved sur£BM)es. 

5. Any Solid. METHOD I. By Layers, — ^Choose a straight axis in 
any convenient position. (The most convenient is usually parallel 
to the greatest length of the solid.) Divide the whole length of 
the solid, as marked on the axis, into a convenient number of equal 
intervals, and measure the sectional area of the solid upon a series 
of planes crossing the axis at right angles at the two ends and at 
the points of division. Then treat those areas as if they were the 
breadths of a plane figure, applying to them Bule A, B, or C, of 
Section I., Article 5 ; and the result of the calculation will be the 
volume required. If Bule C is used, the volume will be obtained 
in separate layers. 

This method is exact when the sectional area is an algebraical 
function of the distance along the axis of a degree not higher than 
the third. Some of the figures which fulfil that condition are 
specified further on. For o&er figures the method is approximate 
only. 
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Mktbxkd IL By Prisms or Columns {'* WooUej^a i^ub").— -Assume 
a plane in a convenient position as a base, divide it into a network 
of equal rectangular divisions, and conceive the solid to be built of 
a set of rectangular prismatic columns, bavins these rectangular 
divisions for their sectional areas. Measure &e thickness of the 
solid at the centre and at the middle of each qf the aidea of each of 
those rectangular columns; calculate the volume of each column 
hj the rule of Section ILL, Article 4, and take the sum of those 
volumes. 

Or otherwise, to calculate the volume of the solid at one 
operation — add together the doubles of all the thicknesses before- 
mentioned, which are in the interior of the solid, and the simple 
thicknesses which are at its boundaries; divide the sum bj aix, and 
multiply by the area of one rectangular division of the base. 

6. Cose or PynunicL—Multiply the area of the base by one-third 
of the height, measured perpendicularly to the plaoie of the 



7. Sphere and EiUpMid. BuLE A. — ^Multiply the area of a 
diametral section (found by Section I., Article 6, for a circle, or by 
Section I., Article 10, for an ellipse) by two-thirds of the height 
measured perpendiculsirly to the plane of that section. 

Rule B. — ^Multiply together the three axes of an ellipsoid for 
take the cube of the diameter of a sphere); then multiply by tne 

&ctor g. 

A|iprazlmate Valnee of -. Errors, about 

0-5235987756 - + one-300,000,000,000th, 

0-523599 - + one-2,300,000th. 

0-5236- + one-400,000th. 

5^^- +one-13,000,000tL 

377 

^- + one-40,000th. 

^- + one-2,500th. 

8. Fnutam — PrlsoieM — Splierical aad ElllpseldAl SeginenlB and 

Zmms. — ^The following j^e is applicable to 

A frustum, or part cut off from a cone or pyramid by a plane 
parallel to the base (fig. 11); 

A prismoid, or solid bounded by two parallel quadrangular ends 
(E F L K, C D I H, fig. 12) and four plane faces, parallel or not 
(CPLH,HLKI, IKED, DEPC); 

A segment cut off by one plane, or a zone cut out by a pair of 
parallel planes, from a sphere or an ellipsoid (fig. 13); 
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And generalljj to nayvcAId lioiiiided findinB^BjraRpair x>ri9KmUfl 
planes, and sideways by* a ccnzicftly qphemd^ grdfJipHoUM an Awc^- ov 
hy any number of .piaoM. 




E%.n; 






Fig. IK 

To the areas of the ends add. fonr times the aiea of a cxob& 
section made by il plane^ midway between and paialld ta the 
^..»— '*<^«^ ends; divide, the. soan.. by 8i»i for the nman 

seetumy which mnlii|)ly by the. len^h. A.X. 
measured perpendicular to the planes of the 
ends. 

9. Spherical €oMe (0 I A J, fig. 10). — 

Find by Section IL, Article 4, the area -of the 
s^manfe. LA^J,. which i»>tha. base of the 
oone; multiply that^axeaby one^thinL of the 
radius of the.spheis.. 




Fig. 13. 



SEcnoiT rv. — ^Lengths of Gubves» 



The meamirement of the lengcha of cnryes id oaJled ^v^^eation, 
1. Any cnrrc. RuLE A- By Chords.— Let A B (fig. 14) be 
the curved line whose length, ia to be mjeasnred. Divide it into 

any even number of intervals, 
equttLov xraeqiud, by pointo (such 
aft:l, 2, 3)^ measure th& series. o£ 

sfera%ht chordsr (snch as A 1, 1 2, 

2 3, 3 B), which spsnr those' in^' 
tervals, and^ take the sum of 
i^iarlengthr; measure also the 

straight chords (such as A 2, 2B) 
whidhi span the intervals by pairs, 
and take the sum of their lengths; to the first sum add OM-thml 




Fig. 14 
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of tbe diflSrenee betwe^s ittani tbe second sam; the resnlt 'will be 
the appr€X3ciiBate leogish of the curve. 

BuLE B. By Ghyrda and Tangent$. — ^Divide the curve into 
any number of intervals, equal or unequal, by points (such as 2 in 
fig. 14). At the ends and points of division drsw straight tangents 
(such as A T^, T^ T3, T. B), stopping at their first intersections -with 
each other. Measare the total length of those tftD^mtSy and also 

the total lengtib of the straight chords (sneh as A 2, 2 B). To the 
total length of the tangetrts add twice the total length of the chords, 
and divide the sum by 3; the quotient will be the approximate 
length required. 

BtJLsr C. By TofngmtK^ — ^Let A B (fig.- 15) be the curved line 
to be measured, ifiroag^ its two ends, A and B, draw a pair of 
parallel lines in any convenient directieti (b«t the ZDOxe nearly that 
direction is perpendicular to 
a straight line from A to B 
the more accurate will the 
result be). Divide the dis- 
taoee between those parallel 
lines into an even number of 1 

equal intervals^ by means of 
iotermediate parallel, lines, ^U..^ 
cottii^ the, curve in. inter- ' **^- 
mediate pointy sudi as 1, 
2^(k^ Aiveaefa. of these in- 
termediate points, and also 
at the ends of the curve, 
draw straight tangents ex- 
tending the whole way from 
one of the outer parallel 



lines' to the other (as A T 



ikt 



-1? 







Pig. 15. 



uitiply the lengths of 
those tangentein their, order 
by "Siraps<m's Multipliers" 
(as in Section E, Articled, Kule A); add together the products, 
and divide their sum by the sum of the multipliers; the quotient 
will be the approximate length required. 

Remark.— The errors of the three preceding rules vary neariy as 
the fourth power of the a/ngvlar interval, or angle made by the 
tangents at the two ends of an interval; hence the leTtyths of the 
intervals should be made least where the curvature is most rapid, so 
that the angular intervals may be nearly equal. The following are 
the proportionate errors in applying the rules to circwlar arcs* 
with angular intervals of 30°; + meaning too great^ and — too 
small : — 
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Rule A, Error about — one-6,500tlL 

„ B, „ + one-4,000th. 

,9 C^ „ + one-250tlL 

With half the angular interval, the errors are reduced in each case 
to one-sixteenth. 

EuLE D. Far Area o/Small Curvature. — In fig. 16, let A B be 

the arc to be measured. Draw the straight 
chord B A; produce it to C, making A C 
s^ B A; about G, with the radius C B 

^ — ^ =|-BA, draw a circle; then draw the 

». ,g^ straight line A D, touching the arc A B 

^' in ^ and meeting the last mentioned 

circle in D ; AD will be nearly equal to the arc A R 

For a circular arc of 30® the error of this rule is about + one- 
14,400th j and it varies nearly as the fourth power of the angular 
interval 

Rule E, From a given Pointy to set off a given Length along a 
"^ Curved Line, — In ^g. 16a, let A D be part of 

the given curve; A the given point, and A B a 

**A straight line of the given length, drawn so as to 

touch the curve at A. In A B take A G = i 

'^ A B ; and about G, with the radius G B = f A B, 

Fig. 16a. draw a ciraular arc B D, meeting the given curve 

in D. The arc A D will be very nearly equal to A B. 

Rule F« To reduce a "EoUed Curve** to an equal Circular 

Arc. — ^Let D £ be a base 

^ line of any figure, upon 

■n^,^^ \ ^"^ which a disc of any figure 

L^'^^^^ \ rolls; a point, B, in that 

— "'^ * ^^ I disc traces a "rolled 

curve," F B H. The 
rcUing radius at any 

^^^ . instant is the distance, 

« A. B B A, from the tracing- 

^»- ^^- point, B, to the point of 

contact, A, of the disc and base line, and is evexywhere perpen- 
dicular to the rolled curve. 

Divide the whole angle through which the disc turns in describing 
the given curve by rolling, into an even number of angular inter- 
vals, corresponding to an odd number of intermediate positions 
of the disc; measure the rolling radii corresponding to those 
intermediate positions, and to the endmost positions. Multiply 
the series of rolling radii by the multipliers in Simpson's first lule 
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(Section L, Article 5, "Rale A); add together tbe products; divide 
their sum by the sum of the multipliers; the quotient will be the 
mean rolling radiaa. Then with the mean rolling radius describe 
a circular arc subtending an angle equal to the total angle through 
which the disc turns in rolling; that arc will be nearly equal in 
length to the given rolled curve. 

Instances of the application of this to particular cases will be 
given in Article 3 of this Section, Rule 0, and in Articles 4 and 6, 

2, Circle.— The incommensurable ratio of the circumference of a 
circle to its diameter is denoted by t. The following are approxi- 
mations to its value, of various degrees of accuracy :—> 

Approziinate Valtie of r. Bnor, about 

3-1415926536- + one-300,000,000,000tL 

3-141593 - + one-9,000,000th, 

3-1416 - + one-400,000th. 

yj|-. +one.l3,000,000th. 

377 

Y^- +one-40,000tlL 

Yjj:g + -one-13,000tL 

22 

y- + one-2,500th. 

For the approximate value of r to 250 places of decimals, see 
Bierens de Haan on D^miie InUgrdU. 
For particular results, see Table 5. 

3. A Ctarcaiar Are may be measured by any of the preceding 
general rules, especially Bule D, page 76; also by the following 
special rules : — 

Rule A. By Calculatum, — Multiply 2 v by the ratio which the 
arc bears to a whole circle; the product will be the ratio which the 
arc bears to its radius. 

Rule B. By Carutructum, — ^In fig. 18, let C be the centre of tho 
circle, and A B the arc to be measured. 
Bisect the arc A B in D, and the arc AD 
in E, Draw the straight tangent A F, and 
the straight secant C E F, cutting each other 
in F. Draw the straight line F B. Then 
A F + F B will be approximately equal in 
length to the arc A B. 

The error of this rule for a circular arc 
equal in length to its radius is about 
+ one-4,000th part of the length of the arc; **• ^* 
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yig. 19. 



and it Ttaam neaxij Berite foorfiL -^powerof th&mj^e sdbtended bj 
the arc. 

BuLE- C. From 'u ; gmn Fm/nt-mm ywen Cireieto Jay tffan Arc 
cjpproximBMy egi%udin ien^tk tau given Straight Line. — In fig. 19, 

'let A'be the- gi^eo point, aod A D part of ihe 

given cirda At A draw theetraight taogent 

AiB of ite gi^ren length. In A B take A 

=r ^A B; and about C, with theradins C B =: | 

A By draw the "czmilar arc B D, cutting the 

•giTcn circle in D. THien ihe arc AD will be 

-nearly equal in lengih to A B. 

The error of this rule for an arc equal in length to its radius is 

about + one-l,000th part of the length of the arc; and it varies 

nearly as the fourth power of the angle subtended by the arc. 

Rule D. To Oonttract u Circular Arc neet/iiy equalin length to a 
given Straight Line, and mtbtendmg a given Angle, — ^In fig. 19, let 
A B be the given straight lina In A B, take A C = ^ A B; and 
about C, with the radius C B = i A B, draw a circle B D. From 
A draw the straight line A D, making the angle B A D = one- 
half of the given angle, and cutting the circle B D in D. A and 
D will be the two ends of the required ara Then, 1^ the usual 
method, draw the circular arc AD so as to touch A B in A, and 
pass through the point D; this will be the arc required. The error 
of this rule is tike same with that of the preceding rule. 
4. Slliptic Arc— To construct a circular arc approximately equal 

to a given arc, C D, fig. 20, not 
exceeding a quadrant of an 
ellipse whose semi-axes O A 
and O B are given. 

In fig. 21 draw a straight 
line, in which take E F = O B 
and F G = O A Bisect it in 
'H; and about that point, with 
the radius H F = H K = 

O A - O B , ., . , 

s , dcBcnbe a CErcl& 



— >.^ 




Fig. 20. 



Mark the points c and din 
that circle, by laying off E c s= 
DCandEc^=OD. 

Then divide the axe cd into 



an even number of equal intervals, as the case may be, and measure 
the distances from the ends of the arc and the points of division 
to G; tittese will be rolling radii of the ellipse, as generated by 
rolling a circle of the radius E H inside a circle of the radius 
E G, the 4nacing-point being at the distance H F from the centre 
of the rolling circle; multiply those rolling radii in their order by 
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ffiiiipmi]^TXiiiltiplwiB.(SeeiioQ L, Artijoke 5,JBLvSL&A); dmde the 
amnnaf thejfcm&tdba'hjr^^^man of tibe mnltipUcxai ihetpaa^umt 
will be the radiua of the requii 




Then in 'Eg. '20 describe a circle about O with 'the Tadius O A; 
through C and D draw straight lines parallel to O B, catting .that 
circle in P and A; join O F, O A j and about the centre, 0, with 
the mean rolling uadios already found, describe the circular arc 
M N, bounded by the straight lines O F, O A; this will be the 
required circular ara approanmmtdy equal to the elliptic <vrc C D. 

ICha circular urc may then.be measured by the rules of Article 3 
of this Section. 

The fbllowixig Are exaznjdes of the errors of this rule, when 
applied to an .entice elliptic quadrant divided into two intervals 
only. JFor greater numbers of intervals, the enore vary inversely 
as the fonrth j>ower jof the mixabfflr.of internals, or nearly so : — 

ICajor Minor t-«S?S-««. Approshn»t8 -i?---- 

OA. OR ^blSf byBulfi. + 

I 7071 -7071 I '3506 I '3538 '0033 
I -8000 •6000 I '41 84 1-4195 '0011 

":! '8660 *5ooo 1*4^5 I '468 1 •0006 



5. CwnuHOH PavBbaia.— In fig. 16 (page 76) let A be the vertex 
of a common -parabola, and A B an arc to be measured, commenc- 
ing at- the vertex. 

For A rough ^approximation, use Eule D of Article 1 of this Sec- 
tion. For purposes of precision, proceed as follows : — 

Draw the tangent at the vertex A C, on which let fall the per- 
pen^Sieular^ 0, and measure the lengths of those lines. Call A 
the hoMy and B .0 the height. 

To the square of the height add one-fourth of i^ square of the 
base, and extract the square root of the sum. Call this the eloping 
tangent. 

Divide the square of the base by four times the height. Call this 
the focat distance' 
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To the sloping tangent add the height ; divide the snm by half 
the base; take the hyperbolic logaiithoi of the quotient Multiply 
that logarithm by the focal distance. 

To the product add the sloping tangent; the sum will be the 
required arc.* 

6. CaiMHUTiT-In fig. 22 the horizontal straight line through O is 

the directrix of the catenary; the 
vertical line O A is its parameter, on 
which all its dimensions depend; A 
is the vertex, or lowest point of the 
curve; B another point; X B a ver- 
tical ordinate from the dii'ectrix to 
the point B; O X the correspond- 
ing abcisea, or horizontal distance 
from O. 

Rule A— Given, O A and X B; to find the arc A B. 
By construction: — On X B as a hypothenuse construct the 
right-angled triangle X T B, making X T = O A; then will 
T B = the arc AB. (T B is a tangent to the curve at B.) 
By calculation :— A B = ^ (X B^ - O A2). 
Rule B.— The area 0ABX=0AxarcAB=:2x triangle 
XTB. 

Rule C— Given, O A and O X, to find X B and A B. 

Divide O X by O A; find the hyperbolic antilogarithm of the 
quotient (see Table 3), and the reciprocal of that antilogarithm. 

For the ordinate A B, multiply O A by tiie half-sum of the 
antilogarithm and its recipro<»L 

For the arc A B, multiply O A by the half-difference of the 
same quantities, t 

Addendum to Section I. 

A Piatometar or Pianimeier is an instrument for measuring 
plane areas on paper. A point is made to travel round the 

* In symbols, let A C = a;, G B = y, and the arc AB = «. Then 

->y/(y-+4)+4^.hyp.log. VJ^ < 

2 

t In symbols, let A = «i;0 X = «/ X B =a y; arc A B sa s; then 

^ 2 Vc- + c ^ -y ; « = Vy» — »»• 2 \c" — « V 

» = « • hyp, log. ILU 

911 



area 



CENTBEB OF XAGNITUDK 81 

boundary of the figare to be measured; and when that point has 
returned to the spot from which it started^ the area enclosed by 
the boundary is indicated on one or more graduated circles. The 
simplest instniment of this kind is Amstler& 



Addendum to Section IY* 

Beetiflcatlon •f Carres hj an MwutnumemU — ^An instrument for 

rectifying curves on paper consists of a small wheel, milled, and 
sometimes spiked on the rim, and turning upon a fixed spindle 
which has a fine screw thread cut upon it. At one end of the 
spindle is a shoulder, to limit the motion of the wheel in that 
direction. 

The wheel being made to bear against the shoulder, is placed 
with its rim resting on the commencement of the curve to be recti- 
fied. It is then made to run along the curve in such a direction 
that, in revolving, it screws itself away from the shoulder. Having 
arrived at the farther end of the curve, it is lifted, and set down 
at a point marked on a straight line; it is then run along the 
straight line so as to revolve the contrary way, and screw itself 
back towards the shoulder. When it has returned to the shoulder 
fi^m which it started, its point of contact with the straight line is 
inarked; and thus is obtained a straight line equal in length to the 
given curve. 

Section Y. — Centres of Magnitude. 

By the fnoffnUude of a figure is to be understood its length, area^ 
or volume, according as it is a line, a surface, or a solid. 

The Centre of Magnitude of a figure is a point such that, if the 
figure be divided in any way into equal parts, the distance of the 
centre of magnitude of the whole figure from any given plane is 
the mean of the distances of the centres of magnitude of the several 
equal parts from that plane.* 

1. SfMmetricai Figure.— If a plane divides a figure into two sym- 
metrical halves, the centre of magnitude of the figui*e is in that 
plane ; if the figure is symmetrically divided in the like manner 
i>7 two planes, tiie centre of magnitude is in the line where these 
planes cut each other; if the figure is symmetrically divided by 
tliiee planes, the centre of magnitude is their point of intersection; 
and if a figure has a cen^e offigwre (for example, a circle, a sphere, 

. 'The centre of magnitude of an nnifbrmly heavy body ia the same with 
^ centre qf gravity; m which point mention will again be made farther on. 
The geometrical moment of any figure relatively to a given plane is the 
I^act of its magnitude into tiie perpendicular distance of its centre from 
uiat plane. 

G 
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fax ellipge, an elli pwiiV s paiallelqpuB, &a),SibMt pomt is its oaotis 
of BuigMitttde. 

2. cwHVMMiA Wi^ma^^To find iSie pwpfflidifiqW duAmoe from a 
given plane of the oeatee of a oompmind. figure made v^ of parti 
whose centres are known. Multiply the magnitade of each part 
by the perpendicular distance of its centre fix>ni the given plane ; 
distinguish the prodacts (or mometds) into positive or n^ative 
according as the centres of the parts lie to one side or to the other 
of the plane; add together, separately, the positive moments and 
the ne^iitive moments : take the difference of the two sums, and 
call it positive or negative according as the positive or neg^ve 
sum is the greater; this is the remitant moment of the compound 
figure relatively to the given plane ; and its being positive or nega- 
tive shows at which side of the plane the requued centre lies. 
Pivide the resultant moment by the magnitude of the compound 
figure; the quotient will be the distance required. 

The centro of a figure in three dimensions is determined by 
finding its distances from three planes that are not parallel to each 
other. The best position for those planes is perpendicular to each 
other; for example, one horizontal, and the other two cutting each 
other at right angles in a vertical line. To determine the centre 
of a plane figure, its distances from two planes perpendicular to the 
plane of the figure are sufficient 

3. Cooip^wid Fiswrc of Tw« Parts.— Let a compound figure, as 

in ^g. 23, consist of two parts, and 
let their separate centres, A and B, 
be known. Draw and measure the 
straight liae A B; multiply its length 
by tike magnitude of either of the 
parts, and <^ide by the whole magni- 
tude; the quotient will be ihe distaaee 
of the centre, C, cf the whole figuve 
fi^mn the centre of the other part; 
and C will lie in the straigfat line 
AB. 

F^ 28. ^jgx symbols, let A and B denote 

tlie ttagnitudes of the parts, and A ••• B that of ike whole figure; 
tbeu 

A = -xTb ' ^ ^ ' aTb^-J 

4. Conppnnd Flgare formed hj Sn1»tnicUoii.— From the larger 

flgui*e in fig. 24, whose known oeaire is A, let a part whose known 
centre is B be taken away. Draw and measure the straight line 
B a. The centre, 0, of the remaining figure will lie in B A, pro- 
duced beyond A To find the distance A 0, multiply B A by the 
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magnitude of the part taken a^way, «nd divide by tbe magnitude of 
the remadning i^^<e. 

[In symbols, let A be the magnitude of the original figure, 
B that of the )part taken awa^ and A •^ B that of Hhe remaining 
figure. Then 



°^-^- 



] 



5. Fifww dMumed %7 MMitag » PiHn*--In Itg. SS'^ji let be the 
origiaal position of the centre of a figuve ; left the i^;ure be changed 





Fig. 24. Fig. 25. 

in sliape, but not in magnitude Tfrom the dotted outline to the 
plain outline), by shifting part ox it; and let A be the original 
position, and B the new position of tiie centre of the part shifted. 
Draw and measure the straight line A B. Through C draw D 
parallel to and pointing in tiu same direction with A B; and 
make 

P Tk _ A B X wagiatttde of p«rt shifted ^ 
"^ magnitude Of whole figure ' 

D vill be the new position of tbe coDtze of the figure. 

6. Aar hmm AMik— To find, aj^roadmately, the centre of any 
plane area. 

Rule A — Let the plazie area be that represented in fig. 3 (of 
Section I., Article 5, preceddng)^ Draw an axis, AX, in a con- 
venient position, divide it into equal intervals, measure breadths at 
&t ends aLd at the poia&ts of division, and calculate the area, as 
in Section L, Article 5. 

^^Ma multiply each breadth by its distance from one end of tbe 
1X18 (as A) ; consider the products as if they were the breadths of 
a new figure, and proceed by the rules of Section L, Article S, to 
CBlcnlate tbe area of that new figure. The result of the operatian 
^U be the momeni of the original figure relatively to a plane per- 
pendicular to A X at the point A. 
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Divide the monufni by the cvrea of the original figure; the quotient 
will be the distance of the centre required from the plane perpen- 
dicular to A X at A« 

Draw a second axis intersecting A X (the most convenient 
position being in general perpendicular to A X), and by a similar 
process find tiie distance of the centre from a plane perpendicular 
to the second axis at one of its ends; the centre. will then be 
completeh^ determined. 

Bulb B. — If convenient, the distance of the required centre 
from a plane cutting an axis at one of the intermediate points of 
division, instead of at one of its ends, may be computed as follows : — 
Take separately the moments of the two parts into which that 
plane divides the figure; the required centre will lie in the pai*t 
which has the greater moment. Subtract the less moment from 
the greater; the remainder will be the resultarU moment of the 
whole figure, which being divided by the whole area, the quotient 
will be the distance of the required centre from the plane of 
division. 

Beuabk. — ^When the resultant moment is = 0, the centre is in 
the plane of division. 

BuLE G. — To find the perpendicular distance of the centre from 
the axis A X. Multiply each breadth by the distance of the 
middle point of that breadth from the axis, and by the proper 
*' Simpson's Multiplier" (Section I., Article 5); distinguish the 
products into right-handed and left-handed, according as the middle 
points of the breadths lie to the right or left of the axis; take 
separately the sum of the right-handed products and the sum of 
the left-handed products; the required centre will lie to that side 
of the axis for which the sum is the greater; subtract the less sum 
from the greater, and multiply the remainder by ^ of the common 
interval if Simpson's first rule is used, or by f of the common 
interval if Simpson's second rule is used; the product will be 
the remttant moment relatively to the axis A X, which, being 
divided by the area, the quotient will be the required distance 
of the centre from that axis.* 

7. Anr tk»lid. — To find the perpendicular distance of the centre 
of magnitude of any solid from a plane perpendicular to a given 
axis at a given point, proceed as in Bule A of the preceding 
Article to find the moment relatively to the plane, substituting 

* The mleB of this Article are expressed in symbols as follows :— -Let x and 
y be the perpendicular distances of any point in the plane area from two 
planes perpendicular to the area and to each other, and xq and yo the per* 
pendicmar distances of the centre of magnitude of the area from tiie same 
planes; then 

JJdxdy Jjdxdy 
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sedtonal areas for breadths; then divide the moment by the volume 
(as found by Section III., Article 5); the quotient will be the 
required distance. 

To determine the centre completely^ find its distances from three 
planes, no two of which are paralleL In general it is best that 
those planes should be perpendicular to each other. 

8. Anj cuvred i^ine. EuLB A. To find opproximatdy the 
Centre of MagnUtuie of a very 
Flat Curved Line.— In fig. 26 let 
A D B be the arc. Draw the 
chord A B, which bisect in C; 
draw C D (the deflection) perpen- 
dicular to A B; make D E = ^ D; E will be the centre, 
nearly. 

For an arc of a cycloid, with the chord A B parallel to the base- 
line, this rule is exact. For a flat circular arc subtending a degrees, 
D E is too small by the fraction iQ^'^QQ of its length, nearly. 

Rule B. — When the Curved Lxna %s not verf/ flat, divide it into 
Tery flat arcs; find their several centres of magnitude by Bule A, 
and measure their lengths by one of the rules of Section lY., 
Article 1; then treat the whole curve as a compound figure, 
agreeably to the rules of Article 2 of this Section. 

9. Special vignreifc I. Tbianqle (fig. 27). — From any two of 
the angles draw straight lines to the middle 
points of the opposite sides; these lines will 
cut each other in the centre required; — or 
otherwise, — ^from any one of the angles draw 
a straight line to the middle of the opposite 
side, and cut off one-third part from that line, 
commencing at the side. 

II QuADBiLATEBAL (fig. 28). — Draw the two diagonals A € and 
BD, cutting each other in E, If the 
qnadiilateral is a parallelogram, E will 
divide each diagonal into two equal parts, 
and will itself be the centre. If not, one 
or both of the diagonals will be divided 
into unequal parts by the point R Let 
B D be a diagonal that is unequally 
divided. From D lay off D F in that 
diagonal = B E. Then the centre of 
the triangle F A C, found as in the 
preceding rule, will be the centre required. 

IIL Plane Polygon. — Divide it into triangles; find their 
centres, and measure their areas; then treat the polygon as a com- 
pound figure made up of the triangles, by the rules of Article 2 of 
this Section. 




Fig. 27. 




Tig. 28. 
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TV. TasBM^, OB ChEUSXOPk wnss Flahe P^jBiixiSL Endslt— Find 

the oentreft of tibo «adft; a ateaidit line joining th«iiL wiU be the 

axis of the prism or cylinder, and the middle point of that £ne will 

1m the centre rtfiitcad. 

Y. TjBauwsDau»f QB. Tbuooulab Ptbaxid (% 29).— Bisect 

aaj two opposite edg^ asi A D and 
B C, in E and F; join E F, and 
biMct it in G; this, point will be the 
centre zequircKL 

VI. Art Ptbaxed ob Cons 
WCEB M FuoiE B>ASE. — Find the 
centre of the base, from whidi draw 
a straight line to the summit; this 
will be the axis of the pyramid or 
ecma From the axis cut off one- 
Fig* 29. fimrtk of its length, beginning at 
the base; this will gi^ro the centre required 

VIL Any PoLYBBOBOir ob Fu^s-faced Solid. — Divide it 
into pyramick; find their centres and measure their volumes; then 
treat the whole solid as a compound figure, by the rules of Article 
2 of this Section. 

VIII. Trukcatkd Ptbajod ob Cohb. — ^Find the respective 
volumes and centres of magnitude of the entire pyramid or cone, 
and of the part cut off; then find the centre of the remaining part 
by the rule of Article i of this Section. 

IX. CiBCULAB Ana — In fig. 30 let A B be the are, and C the 

centre of the ciiicle of which it is paurt 
Bisect tibe arc in D> and join D and A B. 
Multiply the radius C D by the chord A B, 
and divide by the length of the arc A D B ; 
lay off the quotient C E upon C D; E 
will be the centre of magnitude of the 
arc. 

X. CiBCULAB Sbctob, C A D B, fig. 3.0. — 
Find C E as in the preceding rule^ and 
make C F = | E; F will be the centre required, 

XI. Segtob of a Planb Circular Einq. — In ^g, 31, let C B be 
the outer, and C A the inner radius of the ring. Divide twice 
the difference of the cubes of the outer and inner radii by three 
times the difference of their squares; the quotient will be an inter- 
mediate radius, C D, with which describe an arc, D E, subtending 
the same angle with the sector. The centre of magnitude, F, of 
the arc D E, found by Bule IX. of this Article, will be l^e centre 
required. 

XXL Circular Sbgmbnt, A D B, ^g, 30. — Find the respective 
centres of magnitude of the sector C A D B, and the triangle 
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€ A By wbidiy beii^ Miea fhsm tfce sector^ feam tiie Rgment; 
tiles, by the mle of Artide 2 «f tla» 8«i«&oB> ftsUt tke ceatve «r 





Fig. 82. 

Xin. Parabolic Half-Sbgwisnt. — In fig S2 0AB represents 
a half-segment of a parabola ; O A being part of a diameter parallel 
to the axis, and A B an ordinate conjugate to that diameter — that 
is, parallel to a tangent at O. Make O I> » f O A, and draw 
D C parallel to A B and == f A B ; C mil be the oewtre of inagm»> 
tnde of the half-segment. 

10. CenfvM VmhbA ftr VmiMet l*M|f«NiMi«— By a parcdid pn^ 
jection of a plane fignve, or of a solid, is meant a figure resembling^ 
the original figure, but transformed by having ite dimensions in 
one or more directions altered in given proportions, or by distortion ; 
subject to the limitation — thai to ecary set ofpao'allel straight lines, 
hearing given proportiona to each other m tits original figure^ there 
shall correspoTid a set of parallel straight lines in the new figure^ 
hearing. His same proportions to each other. For example, — all 
triangles are pai^aJlel projections of each other; so are all triangular 
pyramids ; so are all circles and ellipses ; so are all spheres, spheroids, 
and ellipsoids; ao are all dccular and elliptic cylinders; so are 
all cones. 

Rule. — The cervb^ ofmagnUuck of a plane or sofid figure, which 
is derived by pwraUd projection from another figwre^ w ihe paralld 
projection of As centre (^ moLgmiude of the original figure^ 

Rkuark. — ^It is to- be observed that this rule applies neither to 
curved line» nor to curved aurfaees) but only to plane areas and 
to solids. 

E3CAMPLB. — EUiptie Sector,. C If, fig. 33. Let be the centre 
of Uie whole ellipse; A O A its greater,, and B' OB' its lesser axis. 
About O, with the vadias O* A, describe it circle, A B> A B. This 
will be a parallel pBojection of the ellipse.* Through C and D' 
diaw E C C and F D' D parallel to O B, cutting the circle in 

* Becanee every osdinate of the ellipse, such as X YVp^^l to K, 
bears a constant proportion to the corresponding ordinate X Y of the cirde^ 
viz., that of OF :0B. 
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C and D; join O C, O D; the circular sector O C D will be a 
parallel projection of the given elliptic sector. Find, by Rule X. 

of Article 9, the centre of magni* 
tnde, Gf of the circular sector; and 
through it draw G H parallel to 
B O. Then 

OB:OB'::HG:HG'; 

and G' will be the centre of mag- 
nitude of the elliptic sector, 

11. ▼•!«■« Swept hj a lUimwim^ 

Pbuie.— Let the centre of magni- 
tude of a plane figure move along 
any path, straight or curved, and 
let the plane figure at every in- 
stant be perpendicular to the 
direction of that path; the volume 




Fig. 8& 



of the space swept through by the plane figure is the product of the 
area of that figure into the length of the path of its centre. 

If any part of the plane figure moves backwa/rda^ the volume 
swept by that part is to be subtracted from the volume swept by 
the part that moves forwards, in estimating the volume swept by 
the whole figure. 



Addendum. 
Table 7. — ^Hegulab Polyook& 



No. 

of 

Sides. 



3 
4 



9 
lo 

II 

12 

13 
14 

:i 

20 
24 



Name. 



Triangle, or Trigon, , 
Square, or Tetragon, 

Pentagon, 

Hexagon, 

Hept^n, 

Octagon, 

Enneagon, 

Decagon, 

Hemtocagon, 

Dodecagon, • 

Decatrigon, 

Decatetoagon, 

Decapentf^n, 

DecaSxagon, 

IcoBagon, 

looeitetragon, 



Side s z. 



Semi- 
diameter. 



0*5774 
07071 

0*8507 

IXXXX) 

11524 

1*3066 
I '4619 

1*6180 

17747 

I '9319 
2X>893 

2*2470 

2*4049 

2*5629 

3*1962 

3*8306 



Aiea. 



0-4330 
1*0000 
1*7205 
2*5981 

3*6339 

a*8284 
•1818 
7*6942 
9*3656 
11*1962 
13 '1858 

15 '3345 
17*6424 

20*1094 

31*5688 

45-5745 



Semi-diameter = z. 



Side. 



1*73205 
1*41421 

I -17557 

IXXXXX) 

0*86777 

0*76537 

0*68404 
0*61803 

0-56347 
0*51764 

0*47863 
0*44504 

0*41582 
0*39018 
0*31287 
0*26105 



Area. 



1*2990 
2*0000 
2*3776 
2*5981 
27364 
2*8284 
2*8925 
29389 

2-9735 

3*0000 
3*0207 

3-0371 

3 -050s 
3*0615 

3*0905 

3*1058 



lUBOULAB ^LTGONS. 
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The semi-diameter is measured from the centre of the polygon 
to an angle. 

To find the Side of a EeguHar Decagon by Conetrudion, — In fig. 
34 let A B be the semi-diameter of the 
decagon. Draw B C perpendicular to A B, 
and = 4 A Bj join A C, from which cut 
off C D = C Bj A D will be the side 
required. 

To find, very necMrly, the Side of a Regv2<vr 
Heptotgon by Cofistruction, — In fig. 35 let 
A B be the semi-diameter of the heptagon. 
Draw the equilateral triangle A C B. Divide 
AB into 200 equal parts, and take the point 
I) at 89 of those parts from one end, and 111 
&om the other end of A B. Join CD; this 
will be very nearly the side required^ the error 
being practically inappreciable. 




Fiff. 84. 




Table of Rhumbs (see next page). 



Poini& 

32. N., 360^ 00' 

31, N.6.W., 348 45 

30. N.KW., 337 30 

29. N.W.6.N., 326 15 

28. N.W.,.. 315 00 

27. KW.6.W., 303 45 

26. W.KW., 292 30 

^. W.6.N., 281 15 

24. W., 270 00 

23. W.ft.S., 258 45 

22. W.S.W., 247 30 

21. S.W.6.W., 236 15 

20. S.W., 225 00 

19. aW.ft.S., 213 45 

18. aS.W., 202 30 

16. S., 180 00 



Angles East of Kortb. 



0° 

11 


00', 
15, 


22 


30, 


33 


45, 


45 


00, 


56 


15, 


67 


30, 


78 


45, 


90 


00, 


101 


16, 


112 


30, 


123 


45, 


135 


00, 


146 


15, 


157 


30, 


168 


45, 


180 


00, 



Quarter-pointy =2° 

ELalf-pointy =5 

Three quarter-points, = 8 



Fointa 

0. N. 

1. NAR 

2. N.N.R 

3. N.R6.N. 

4. N.R 

5. N.R6.R 

6. RN.R 

7. R6.K 

8. R 

9. R6.S. 

10. RS.R 

11. S.xj.o.R 

12. S.R 

13. S.JBi 6.K3a 

............ X%. 0»0« " rl. 

15. S.6.R 

16. a 

48' 45" 
37 30 
26 15 
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PAST n. 

MEASXJBEa 
Section L — 'Mcrascbeb of AmaxL 



1. The Sexagesimal SyitaMof aIlgDJarIaeasaTeIneBtisJB£>^0WS^--- 
l revolution = 4 right angles = 360 degceea;. 1 degree = 60 
minutes; 1 minute = 60 aeoonda Seoonda aze uaually subdi- 
vided into decimal fractiona. Aa to circular measure^ see Table 4 
in the preceding part of this work. 

2. The ifaaticai or Binarjr system used in the Mariner's compass 
is as follows : — 1 revolution = 32 points, each divided into halves 
and quarters; 1 point =11^ degrees (see preceding pageY 

3. The Centestmai STstem of angular measurement is as follows : — 
1 revolution = 4 right angles = 400 gmdes*; 1 grade = 100 
minutes; 1 minute = 100 seconds. This system is found in some 
French works published towsards the beginning of the nineteenth 
century, but is now little used. 



Section II. — Meashbes <sr Thie.- 

1. sidereal Day.— The standard unit of time is tlie Sioebeal "DjlY, 
being the period in which the eai-th turns <»ice round on its axis. 
It is divided into sidereal houis, minutes,, and seconds; but these 
measures of time are used by astronomers only. 

2. mean Solar Time.— A SEKiOKD is. the time of one Swing* of a 
pendulum adjusted so as to make 86,164*00 swings in a sidereal 
day. Seconds are usually subdivided deciinally. 

One MINUTE = 60 seconds. 
One HOUR = 60 minutes = 3,600 seconds. 
One MEAN SOLAR DAT = 24 houTs = 1,440 minutes = 86,400 
seconds = 1-00273791 sidereal day, 

3. Yeawu— One TROPICAL YEAR = 365 days 5 hours 48 minutes 
49*7 seconds mean solar time, = 365*24224 mean solar days, 
nearly. 

One COMMON year = 365 days. 
One leap year s 366 days. 



HEAsnnv •r time. tl 

'Sten of the Gngorian Calcndnr. Dtyi. 

Iffbmber oT year in the CUnBtian Bra — 

IfTot diwftle bj 4 ivitiuraA remainder, -«.. «.^.Mff 

Divisible %7 4, batn«bgr 100, .Mil 

Divisibfeiij 100, but B0t bj 400, «. 385 

Divisibfeby 400 fbii* iwrtby 4^000],* ^.306 

pDivisibte. by 4,000^ ^ ^ — 365}» 

4. mmtmt ciwU «■* tii—nMiiiwi The- cbdl day is bdd ^in 

Western Europe and in America) to commence at midnight Thft 
astronomical day commences at noon of the civil day having the 
same designation; that is, twelve hours later than the civil day. 
Tha oivil yeae i& bald. t» comnenoe at midnight of the 31st of 
Deoember ef tdM year pnecediag; tha astronomical year commencM 
at noon of th& 1st of January of the civil year. 

5« iHhuiHi » g t w wi tibm Mki  ■■gjfifi At any given instant 
the mean soiar time at two stations differs by an amount proportional 
to their difference of longitude, the time at the eastern station 
being the later. 

CoBBESPOin)iNa Diffsbsstces. 



Longitad& 


Time. 


LongitodflL 


Tims, 


15" 


I second. 


75" 


5 hoUTSi 


i' 


4 seconds. 


90 


6 » 


15' 


I miaute. 


105 


7 » 


i" 


4 minuteSb 


120 


8 ,, 


15" 


r hour. 


135 


9 33 


30 


2 hours. 


150 


10 „ 


45 


J « 


165 


^I 9f 


60 


4 „ 


180 


12 „ 



To show the exact date of any event, the meridian at which the 
time is reckoned must be specified. 

It is customary for civil and commercial purposes to reckon time 
at all places tliroi:^oirt Britaift as for the meridian of Ga:«enwich ; 
loeal mean soW time being found for scientific purposes, when 
required, by calculation. 

At stations dose to tihe two sides of the meridian of 180^ there 
IB necessarily a difference of a whole day in the dates corresponding 
to the same real instant^ the date at the western side of that 
meridian being the later. The position of the meridian of 180° is 
purely arbitrary, depending on the position assumed for the meri- 
dian of 0^, "^R^ch is difibrent in- each different nation. 

6. 'MtMHmmm of ihe J^eaus — ^Intervals in days from the beginning 
of the first day of January to the beginning of the first day of each 
of the other calendar months : — 

* The rales in brackets are an improvement proxxysed by Sir John Henche' 
which cannot come into operation until A.D. 4000. 
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lOEASUBSflL 



Common Tear. Leap Year. 



CkxmmonYear. Leap Year. 



January^..* o 

Febmaxji.. 31 

March, 59 

April, 90 

May, 120 

June, 151 

A so-called ^' lunar" 
days.* 



o 
60 

t2I 



July,. 181 

August, 2ia 

September,.... 243 

October, 273 

November,.... 304 

December,.... 334 



182 
213 
244 
274 

305 
335 



month is four weeks, or twenty-eight 



Section IIL — Measubes of Length. 



1. The British standnrd Yard is the distance, at the temperature 
of 62^ Fahrenheit, between two marks on a certain bar which is 
kept in the office of the Exchequer, at Westminster.t 

2. The French Metre is tinS S- of the distance, at the tempera- 
ture of 13° R6aumur (see pages 105, 106), between the ends of a 
certain bar, called the "Toise of Peru" (see pages 93, 94), and is 
approximately one ten-millionth part of the distance from one of 
the earth's fwles to the equator. J The use of this measure, and 
others founded on it, is lawful in Britain, and a copy of the 
standard metre is kept in the Exchequer office. 

3. Briliah WLeaanrem of I<eiigth« — 



Inch § 

Hand 

Foot 

Yard 

Chain 

Furlong 

Mile 



Inches. 
I 

4 
12 

36 

792 

7,920 
63,360 



Feet 

i 

I 

3 

66 

660 
5,280 



Yards. StAtate Miles. 

= «V = 



i 

I 

22 

220 

1,760 



ttJtt 



tV 



Metres. 

0-02539977 
0*10159907 
0-30479721 
0*91439180 
20*11662 
201-1662 



Tnru 

* 

I 1,609-3296 



The Inch is subdivided — 

By artificers, sometimes into 12ths, or lines, but more 

commonly into binary divisions, as halves, quarters, 8ths, 

16ths and 32ds. 
By mechanical engineers, into decimal divisions, as lOths, 

lOOths, l,000ths, and 10,000ths. 

* A mean Innation, or real lunar month, is approximately 29|, or more 
exactly, 29 '53059 mean solar days ; 235 lunations nearly =3 19 years, — a period 
oalled a lunar or Metonic cyde. 

f See ** Weights and Measures Act," 1855. Official copies of the standard 
yard are kept at the Royal Mint, London, the Royal Observatory^ Greenwich, 
the Rooms of the Royal Society of London, and the Palace of Westminster. 

t The distance from the pole to the equator is not exactly the same on 
di£ferent meridians, (see paae 117). 

§ An inch is almost exactly one 500,500,OOOUi part of the earth's polar 



XEASUBES OF USNGTH. 9S 

The Hand is used for heights of horses and girths of spars. 

The Foot is subdivided decimally bj dvil engineers. 

The Tabd, in Cloth Measure, is subdivided binarily, into 

halves, quarters, half-quarters, and runls, or 16tbs of a 

yard. An English Ell is 1^ yard, or 45 inches. 
The Chain, in Land Measube, is subdivided into 4 polea or 

perches (each of 5^ yards) and 100 links (each of 7'92 

inches). 
A Fathom is two yards. 

The Geographical, Nautical, or Sea Mile, or Knot, depends 
on the dimensions of the earth, which are known approximately 
only. The following are estimates of its value : — 

•.r , , . . -^ *•««* ^mK* Metres 

Mean length of one mmute of | nearly. newly. nearly. 

hS^^^ B*au£aSby • ^'°^^ '''5'7 h^SS 

Admiralty Begulation, 

Mean length of one. minute of ^ ^^r . •- o . o- 

ktitudl \ ^'°?^ ^"'508 i,8S2 

A League is three nautical miles. 

The nautical mile is sometimes subdivided into 10 cables and 
1,000 fathoms; the fathom thus obtained being about one-SOth 
part longer than the common fathom. 

4. Frencli metrical JOLtaamnu •£ 



Metres. BrltlBh If easnreii 

Millimetre, cooi = 0*03937043 inch. 

Centimetre, 0*0 1 

Decimetre, o'l 

Metre, ( = HHU Toise), i =3-2808693 feet. 

Decametre, to 

Hectometre, 100 

Kilometre, 1,000 = 0*6213768 mile. 

Myriametre, 1 0,000 

The French nosiul= British nautical mile. 
Log. feet in a metre =: 0*5159889356. 

5. Old Scottlah and Iriaii Measnres of I««ngth. — 

The Ibish Pebch = 7 yards = fj imperial perch. 

The Irish Mile = 320 Irish perches = 2,240 yards =: ^ 

statute mile. 
The Scottish Inch = 1*0162 imperial inch. 
The Scottish Elu » 37 Scottish inches = 37*06 imperial inches 

= 3*0883 imperial feet. 
The Scottish Fall » 6 Scottish ells =» 18*53 imperial feet 



M 



The SooRlBH Mum = 320 fiJb = 1,920 «]1b = 5,029-6 imperial 

&et « 1123 fltvtnrte jnile. 

Each of thoBB miles "wss diviiM into 8 finrloiigBy and 80 
ehaina 

As to Soottiedi meaamei, aee Bunhawn^g Weights and Mectsures, 
Edinbnigh, 1829. 



» ••• • •••^•••'i 



6. 



United States, as in Britain. 
Ikdia — 
Hath or hant (onbit), «.••—... 

Goes (mile) = 4,000 cnhita,^ 

BussiA — 

Foot s 12 inches, ..*... 

Sashen or sagMie 

Verst (500 saahen), .... 

Prussia, Denhabk, Norway— 

Foot s 12 inches 

Buthe (rod) = 12 feet. 

Mile » 24,000 feet,.... 

Austria — 

Foot a 12 inches, 

Klalber = 6 feet, ... 

Mile = 24,000 feet,.. 

German geographical mile, 

German sea-mile, 

Sweden — 

Foot => 12 indies, 

Fathom = 3 ells = 6 feet, 

Mile • 6,000 fathoms 

Netherlands— 

Palm, ^ 

El, 

Myle, 

Belgium, Italy, Portugal, 

SPAiN—French Metric Mea- 

Bures. 
China — 

Chih(foot),...... 

Chang = 10 chih, 

Li = 180 clumg,.* 

Old Frendi foot = 12 inches = 

144 lines, 

Old French Toise = 6 feet^ ..^. 



British 



i8 inches. 

16,000 feet. 
= I'll 



13^ stat. ndle. 



I foot. 
7feet 

3,500 



9* 



I '029.72 fosiL 
12*3^664 feet. 
(24,713-28 
( = 4*6806 stat miles. 



1*03713 foot. 
.6'?.?.2gB feet 
1 24,89r*i2 ^, 
( =4*7142 stat. miles. 
4 geographical miles. 
I geognphBcal milau 

0*97410 foot 
5*8446 feet. 

535*067-6 „ 

( = 6 '61 16 stat. miles. 

S'S^T^WR inchesL 
3*2808693 Saet 
i 3^280-8693 „ 
( 2^*6213768 statmiL 



HetTM. 

0^572 
|- 1,828-8 

0*3048 
2*1336 
t,o66'8 

0*3*385 
3*7662 

} 7.53a-4 

0'^i€i« 
I '£9666 

y 7,5«6'64 

7,408 neaiiy. 
1,852 nearly. 

0*2969 
I -7814 

|-ip,6BB'5 



} 



1*0 



I,00D 



1 1054 foot 
lO'Cifeet 



I 1,897 feet 



0*3593 stat milfi. 
I ^57556 foot 



} 



0-32125 

57«-25 

0*32483939 
1*94903632 



6-3945335 ««*• 
Jjcg, feet in a tns^ (^8058086650. 
For the measures of kogtk tised in various States of Germany, 
see dtt Ingmmur, by Dr. Julxus Weisbadu 



HEAniBIU OF ABEA. 



95 



SEcrnoN lY. — ^Measdses ov Abxa. 



Sq. 



1. 



TJmBm nr Scibncb jam nr Snoi- 



Sq. inch (decimany snbdi^a3«SX 

1 loot X 1 incb, • ^.^ 

Square foot (decimally or dno- 

^edmally subcBvidad),..^...^... 

Sqiiaze yard,.... 



•<••■•••»••••••••««•••••••• 



■•■*i«   ■^■■ii>— «•«•  



Square mile, 

Land Msasube — 

Sq. chain (= d^^^^^'Z, 
Rood = 40 pearchea,..— ..^.^.^..^ 
Acre =s 4 roods = 10 sq. chains, 
Uan isr the Artb — 
Square (of roofing or flooring),. 
Bood (£ftoe of masoQry)^.—...^ 
Bod (face of brickwork) , 



} 



I 

12 



144 

I,fQ6 

Sq-Tftrda. 

3,097,600 

1,210 
4.840 

••• 

36 



••• 



1 

IT 

I 

9 
27,878,400 

4t3S6 
10,890 

43»S6o 

100 

324 
272 



Bq. 



ox)oo64Si48 
0-007741775 

0x1929013 

0*836112 

2,589.941 

»5*»9« 
404*678 

1,011*696 

4,046782 

9*29013 
30*1 

25*269 



2. Mmench ]!I«IkIc 



Science and 
Engineering. 

Sq. millimetre,... 
Sq. centimetre,.. 
Sq. decimetre,... 

Sq. metre, = 

Sq.decametre,= 



Land. 



Milliare, 

Cestiare, 

Dedare, 

Are, 

Decaie, 

Bfictare, 



of 



Square Metres. 



0*000001 



O'OI 

0*1 

1*0 

10 

100 

1,000 

10,000 



«coCtiili aaa WMIk jMWtti BIi 



Britiflh MeasareiL 

=0*00155003 sij. inch. 
'®*IS5<»3 8^- inch. 
15*5003 sq. inches. 
1*07641 sq. footb 
10*7641 sq. feet. 
107*641 sq. feet 
1,076-41 sq. feet 
10,764-1 sq. feet. 
1107,641 sq. feet=2*47ii acres. 



— Irisli acre = 4 roods 



196 



160 pen5lies = 70,560 square feBt = YoT, or 1*6198 imperial acre. 

Scottisli WTe=^ rooda=160 &lls = 54,937 square feet=:l*2612 
imperial acre. 

4. Tarl4Mis]ll4 



of Area*—- 



Unttsd States, as in Britaxn. 
HussiA — 

Square foot = 1 44 square in. , . 

Square sashen =49 square ft, 

I>e88atine= 2,400 sq. sashen,. 



I square foot. 
49 square feet 
j 117,600 
} 82*69977 c^^e^ 



Square M^re& 



I 10, 



0*0929013 
4*55217 



925 
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XKABUBEBL 



Various Msabfres or AaxA— continued. 



Pbu8sia,D]skmabx,Korway— 
Square foots 144 Bqnare in.,. 
Square rathe s 144 square ft., 

Morgen=180 square ruthen, 

Austria — 
Square ft. =144 square in.,... 
Square klafter = 36 square fL, 

Jocli=: 1,600 square klafter,... 

Sweden — 
Square ft =144 square in.,... 

Tunnland=:56,000 square ft, 

NETHERLAin>S — 

Square el, 

Bunder =10,000 square el,.... 

Belgium, Italy, Portugal, 
Spain — ^French Metric Mea- 
sures. 

Old French square foot = 144 
square inches, 



{ 



} 



Btitldi 



1x36033 sq. foot. 
IJ2'6875 sq. feet 

27,48375 

=0*63094 acre. 

1x37564 sq. foot 
38723 sq. feet 

6i,9S7 

= 1*47366 acre. 

0*94887 sq. foot. 
S3» 13672 sq. feet 
= 1*21977 acre. 

10*7641 sq. feet 
107,641 

=2*4711 acres. 



1*1358 sq. foot. 



SQuare MJQtfBft 

0x39850 
141*85 

} 2.553-3 

0x39993 
3'5975 
} 5,756 

ox>88i5 
} 4,936-4 



} 



IXXXXX> 

10,000 



0*10552 



Section Y. — Solid Measures. 



1. Brillirik 8oUd OEcaMiras.— 



Cubic inch (subdivided decimally), 

1 foot X 1 inch x 1 inch, 

1 footxl footxl inch, 

Cubic foot (subdivided decimally or 

Duodecimally, 

Cubic yard, 

Load of hewn timber, 

Bood of masonrv (=36 square yards 

face X 2 feet thick), 

Bod of brickwork (= 272 square feet 

fece X 134 inches thick), 

Ton of displacement of a ship, 

Ton registered of internal capacity of 

a ship, 

Ton, shipbuilders* old measurement,.M 



Oablo Inches. 



} 



I 
12 

144 

1,728 
46,656 



...... 



\ Onbicyarda 
i 24 

} "i 



•••••• 



Onbloft Onblo Metres. 



ttVb 



27 
50 

648 
306 

35 
100 

94 



0XXX3016387 

0XXX319604 

0x3023597 

0x3283161 

0764534 
1*4158 

18-35 

8-665 
0*9910624 
2*83161 
2*6617 



SOLID MEASUBES — ^WEXOHTS. 
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2. — ^Frendi Metric fltolid 

,^ Trade. 



Science and 
Engineerinc^ 



Gnbic millimetre^ 
Cubic centimetre, 
Cubic decimetres 



Cubic metre..... = 



Cubic decametre=. 



Millistere, 
Centistere, 

Decistere, 

Stere, 1*0 

Decastere, lo 
Hectostere, loo 
Kilofitere, i,ooo 



OnbloHotrBfl. 

0*000000001 

0*000001 

0*001 

O*0I 

O'l 



1 



BrlUsh Measures. 

otxxx)6i0254 cabio in. 
0*0610254 ft 

610254 „ 

610*254 „ 

6,io2*54 „ 

93*53156 cabio feet. 
353156 
353156 
3»53i§6 



3. Tarions Solid IKIeasiireaa— 

United States, as in Britain. 

Ettssia, cnbic foot, 

P&ussiA, Denmark, Nobway, cubic ft., 

Austria, cubic foot, 

Sweden, cubic foot, 

Netherlands, cubic el,.... 

Belgium, Italy, Fortuoal, Spain — 

French metric measures. 
Old French cubic foot, 



BritiBh Oublo Feet 

ix)9iS4 
I-II557 
0*9243 
35-3156 



1*2105 



Onliio Metraa 

0*0283161 
0*03092 

0*03159 
0*02617 

1*00000 



Norway, last (of ship's displacement) =3 2} British tons, nearly. 



0*03428 



Section VI. — Measubes of Weight. 

1. The Standard Pound ArotrdnpoU is the weight, at the temper- 
ature of 62^ Fahrenheit, and under the atmospheric pressure of 
30 inches of mercury, in the latitude of London, and at or near 
the level of the sea, of a certain piece of platinum which is kept in 
the Exchequer Office at "Westminster. 

2. The siandavd Kilogramme is the weight, at the temperature 
of the maximum density of water (about 4° Centigrade), and under 
the atmospheric pressure of 760 millimetres of mercury, in the 
latitude of Paris, of a certain piece of platinum which is kept in 
the French Archives. The use of weights founded on this standard 
is lawjful in Britain, and a copy of it is kept in the Exchequer 
Office.* 

In the tables of the following articles the relative values of the 
pound avoirdupois and kilogramme are taken from Professor 
Miller's paper "On the Standard Pound" in the FhUosophicob 
Transactions for 1856. 

* The kilogramme was at first intended to be the weight of a cubic 
decimetre of pure water at its maximum density; but it is in fact some- 
what greater. 

H 
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3. 



Ayoibsxtfois Weight — 

DrsBit ••• 

Ounce = 16 drama, 

Pound = 16 ounoesi 

Stone, j* 

Qwoter =: 2 stone, 

Cental, 

Hundredweight = 8 stone 

Ton = 20 cwt 

Tboy and Apothecabibs' 
Weight — 

Grain, 

Scruple (Apoth.),... 

Penny weight (Troy),...... 

Drachm (Ajioth.) = 3 
scruples 

Ounce = 20 dwt \ 

=s 8 drachms, . j 

Pound = 12 oz., 

Diamond Weight — 

Diamond grain, 

Carat = 4 mamond grains, 

4. French Metric Ha 



'} 



2734375 

437*5 
7,ooo 

Ton. 

0*00625 

0*0125 



0*05 
I 

I 
20 

24 

60 



480 
5*760 



LiM. 

AyoirdiipolB. 

0*00390625 
0x3625 



14 

28 
100 
112 
2,240 



000285714 
0*003428571 

0*00857143 



o'8 
3*2 



0*06857143 
0*82285714 



Trnnr 



Millip-amme, 

Centigramme, 

Ded^amme, 

Gramme, 

Decagramme, 

Hectogramme, 

Kilo^^ramme, 

Myna^amme, 

Quint^ .«. 

Tonneaur (in shipbuild-f 
ing) or millier,.... t 



ires of Wdglit*— 

Grammea 



O'OOI 
0*01 

o*i 

IX) = 

10 



GnuBBinoflL 

17718463 

28*3495408 

453*5926525 

6,350*297135 

12,700-59427 
45.359*26525 
50,802*37708 
1,016,047*5416 

ox)6479895 

1*295979 
1*5551748 

3887937 

31-103496 

373*241952 

0*05183916 
0*20735664 



British Measures. 



15 '43234874 graina. 

 • • 

• • • 

2*20462125 lbs. ayoirdupoi& 



100 

1,000 r 
10,000 
100,000 

1^000,000 s=| 0*9842059 ton. 



5, TartoM* MenHHrea of Weiglit*^ 



United States, as in Britain, with the 
following exception: — 

Quintal, 

BussiA— 

Found = 32 loth = 96 solotnik, 

Berkowrtz = 10 pud = 400 pounds,... 

OXBMAN ZOLLYEBEIN, DENMARK, NOS- 
WAY — 

Pound, 

Centner ^ 100 pounds, 

Austria — 

Pound = 32 loth, 

Centner =3 100 pounds, 



Brltiah Measures. 
100 lbs. 

0*90283 
361*132 



1*10231 
110*231 

1*2346 
123*46 



Grammes. 
45,359*26525 

409*52 
163,808* 



500* 

50,000' 
56ox>i3 

56,001 "2 
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Vabious Measures of Weight — continued, 

Sweden BrlUah MeaBm'e& 

Skalpund = 32 loth, 0-9J77 

Skeppund = 400 skalpund, »... 375'0^ 

Netherlands — 
Pond = 10 Oncen=100 Looden= 1,000 
Wigtjes, 

Belgium, Italy, Spain, Portugal — 
French Metric Measures. 

China — 

Gin or Catty = 16 tael or lyang, 

Picul = 100 catties, 



|> 2*20462 



i^ lb. avoir. 
I33i » 



Orammea. 

425*3395 
170,1358 

I,000' 



60479 
60.479. 



Section YII. — Measures of Capacity. 

1. The Standimi ctaiton is the volume of 10 lbs. avoirdupois of 
pure water, at the temperature of 62° Fahrenheit, and under tho 
atmospheric pressure of 30 inches of mercury. At that tempera- 
tare the volume of water is 1*001118 times its minimum volume. 

2. The Standard i^iire is the volume of a kilogramme of pure 
water, at its temperature of maximum density (about 4° Centigrade), 
and under the atmospheric pressure of 760 rnillimetres of mercury. 
It was originally intended to be a cubic decimetre, but is actually 
somewhat greater. 

3. Britisii WLtnmaeem of Capacltf • — 



GUI, 

Pint = 

Quart = 

Pottle = 

Gallon = 

Peck =: 

Bushel = 

Quarter = 



4 gills, 

2 pints,.... 
2 quarts,.. 

2 pottles, . 

2 gallons,. 
4pecks,... 
8 bushels. 



Gallons. 

0-03125 
0*125 
0*25 
0*5 



1*0 



2 

8 
64 



BritifiliSoUdlieMiire^ 
xMarly. 


Litres. 


8 '660 cub. inches. 


0*141907 
0-567628 


34-640 


69280, „ 


1-135255 


138-5615 


2*27051 


277-123 „  
=0*160372 cub. foot 


} 4-54102 


0-320744 „ 
1*282970 „ 


9*08204 


36-32816 


10-263808 cab. &6t 


290*02523 



A tun of ale = 2 butts = 4 hogsheads = 216 gallons =r 980*86 
litres. 

A ton of sea- water = 35 cubic feet = 218} gallons nearly =r 
991-04 litres. 



Cabio I]iche& 



0-00376 

0-2256 

I -8047 

28*8750 

231*0000 



Litrea 



Apothecaries' Fluid Measure. — 

Minim = , 

Pluid drachm = 60 minims, , 

Pluidounce = 8 fluid drachms, , 

Pint = 16 fluid ounces, , 

Gallon = 8 pints, , 

* This is the correct volume of 10 lbs. of pure water at 62* Fahr.^ and is 
therefore the true value of a ^lon in cubic inches. In an Act of Parliament, 
Qov partly rqiealed, that v(uume is stated to be 277 '274 oubio inohes. 



0*0000616 

0*003697 

0-029573 

0*473154 

3-785235 
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4 French Sletrie neatnres •€ CmpmeUf^-^ 



Litres. 



O'OOI 
O'OI 
O'l 
!• 
lO 
lOO 
I,0OO 

10,000 



Cubic IhcheB. 



Millilitre, 

Ututilitre, 

Decilitre, 

Litre, 

Decalitre, 

Hectolitre, 

Kilolitre, , 

Myrialitre, 

5. Various llleasares of Capacitj. — 

United States — 

Gallon = 231 cubic inches, 

Russia — 

Vedro = 10 kruscliki =: 750*568 cubic inches == 

Prussia — 

Quart or Viertel ( = 64 Prussian cubic inches), 

Oxhoft =s 14 ohm = 3 eimer = 6 anker = 180 quart, 

Tonne = 4 scheffel = 64 metzen = 192 viertel, 

Austria — 

Maass = 40 seidel = 80 pfiff = 0*0448 Austrianl 
cubic foot, i 

Eimer =s 40 maass, 

Sweden — 

Kann ( = 0*1 Swedish cubic foot), 

Am = OOkannar...... 

Netherlands — 

Kan (subdivided decimally), 

Old Scottish gallon =s 8 pmts a 16 chopins s 32> 
mutchkins = 128 gills, > 



61*027 



Qallona. 



0*220215 



Gallons. 
0-833565 

2*70843 

0-25215 
45-387 
48-413 

0*3116 
12*464 

0*57635 
34-581 

0*220215 
3*0651 



Litres. 
3-785235 

12*299 

II45 
206*l 

219*84 

1*415 
56*6 

2*617 
157-02 



13*9x87 



Section VIII. — Measubes op Value. 

1. The FlneneM of Gold aad Silver Colas means the proportiou 

of the precious metal which they contain, and is generally expressed 
in thousandths of their total weight. The fineness of gold coins 
is also expressed in carats^ or 24ths of their total weight. 

The fineness of British gold coins is 22 carats, or 0*916|;. of 
British silver coins, 0*925; and of the coins of most other nations, 
0-900. 

2. The Pound Sterling is the value of the 

pure gold in a sovereign^ viz., 113*001 grains. 

The alloy in a sovereign consists of copper,... 10*273 „ 

Full weight of a sovereign, 123*274 „ 

Fineness, 22 carats = 0*916|. 

Least l^pal tender weight, 122*75 ^, 

Current weight, or least weight received at 
par at the Bank of Englani^ 122*5 n 
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3. The Wmme is the value of 4*5 grammes of pure silver; which 

being alloyed with 0*5 gramme of copper, the full weight of the 

coin is 5 grammes. The fineness is 0*900. The Italian l«ini is 

equal to the franc in weighty fineness^ and value. 

1 

4. The German Vii1«h ]»«iiar (Yereinsthaler) is the value of -^ 

of a Zollpfund f = ^ of a kilogramme, or 257*2 grains) of pure 

silver, to which is added ^ of its weight of alloy, the fineness 

being 0*900. 

5. The €«iBpanitiTe Taiae of moneys in difierent countries 
fluctuates with the rcUe of eoschangef and cannot be stated exactly. 
A conventional estimate of the average comparative value of the 
moneys of two countries is called par, A few rates of exchange at 
par are given in the following table. For further information, 
reference may be made to M'Culloch's Commercial Dictiuma/ryy and 
Kelly's UniveraoiL Canibist, 



£ Sterling. 
I'OOOOO 



British Pound sterling = 20 ahiUinga 

= 240 pence = 960 /arthinga, 

French and Belgian Franc = 100 

centiTnes = Italian lira, 

American DoUar = 100 cents, 

Bussian Euble = 100 kopeks, 

German Feretn^Aa^(XJnionDollar), \ 

= Prussian tliaier = 30 sUberg- > 

roschen = 360 p/ennige, j 

Austrian Gulden (Florin) = | vera- 

insihaler = 100 neukreutzer, 

South Carman Grulden (Florin) = 

f vereinsthaler = 60 hreulzer = 

2i0 pfennige, 

Netherlandish Gulden, Guilder (or 

Florin) = 100 cents, ' 

Danish EigebankdcUer =: 96 skil-' 

ling, f 

Norwegian Speciesdaler = 120 skit- ) 
ling, J 

Swedish Iiiksdaler=lOO ore {species- ) 

daler = 4 riksdaler), J 

Portuguese Milreis = 1^000 reis, 0*2354 

Spanish Duro (Dollar) = 20 reaies, 0*2083 



0*03965 

0*20548 
0'i5626 

0-14493 

0*09662 

0*08282 

0*08333 
0*10984 
0*21968 

0*05479 



British Indian Rupee =16 annas = \ 
192 pice {lac sz 100,000 rupees),... j 



0*0927 



Fnnci. 
25*220 

1*000 

5-182 
3-941 

3-655 

2-437 
2*089 

2*102 
2*770 
5-540 

1*382 

5-937 
5-254 
2*338 
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Section IX — Measures of Speed, HEAViNEssf, Pbessube, 

Work, akd Poweb. 

1. Speed or Teioeiir of adYOUce is expressed in tinits of length 
per unit of time. 

Comparison of Different Measures of VdocUy. 

Miles Feet Feet Feet 

per hour. perseoondL perminate. per hour. 

I =1-46 =88 = 5280- 

o'68k8 = !• =60 = 3600 

0*01136 = o'Oi6 =5 1 =60 

0*0001893 = 0*00027 = o*oi6 = 1 
1 nautical nulell 
per hour, or V s=i*i5o8 » 1*688 = 101*275=^ 6076^ 
«knot/' 3 

The units of time being the same in all civilized countries, the 
proportions amongst their units of velocitj are the same with those 
amongst their linear measures. 

2. Speed of TaraiBg, or AttgMhir TdtfciiTt is expressed in turns 
per second, per minute, or per hour, or in circular measure per 
second. 

To convert turns into circular measure, multiply hj 6*2832 
To convert circular measure into turns, multiply by 0*159155 

Comparison of Different Measures ofATigvla/r VdocUy. 

Circular Measure Toms Tttna Tons 

per second. per second. perminnta per hour. 

I 0-159155 9'6493 572-958 

6*2832 I 60 3600 

0*10472 0*016666 I 60 

0*001745 0*000277 o*oi66(J 1 

3. Hearinem is expressed in units of weight per unit of volume; 
as pounds to the cubic foot, or kilogrammes to the cubic metre. 
(See Section XI.) Speciflc Oniiriij is the ratio of the heaviness of 
a given substance to the heaviness of pure water, at a standard 
temperature, which in Britain is ^7^ Fahr., and in France the 
temperature of the maximum densiiy of water. To convert 
specific gravity, as estimated in Britain, into heaviness in lbs. to 
lie cubic foot, multiply by 62*355. 

In metric measures the specific gravity of a substance is equal 
to its heaviness in kilogrammes to the litre (or cubic decimetre 
very nearly). 
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4 ne iBteMit7 Af Fiii—Mu ig expressed ia units of weightou 
the Tinit of area, as pounds on the square inch, or kilogrammes on 
the square metre; or by the height of a column of some fluid; 
or in aimosphereSy the unit in this case being the average pressure 
of the atmosphere at the leyel of the sea. 

The following table gives a comparison of vaiions nnits in which 
the intensities of pressnrea axe eommonlj expressed. 

Founds on Hie Foonds on the 

aqDwefoot aqaarolnoh. 

One pound on the square inch,.... 144 i 

One pound on the square fooly.... i xii 

One inch of mercury (that is, weight 

of a column of mercuiy, at 32° 

Fahr., one inch high), 70*7*75 0'49ii63 

One foot of water (at 39'''1 Eahr.^ 62*425 0*4335 

One inch of water, ^.. 5*2021 0*036125 

One atmosphere, of 29*922 inches 

of mercury, or 760 millimetres, 2,116*3 14*7 

One foot of air, at 32° Fahr., and 

under the pressure of one atmos- 
phere, 0*080728 0*0005606 

One kilogramme on the square 

metre, 0*20481 0*0014223 

One kilogramme on the square 

millimetre, , 304,813 19422*3 

One millimetre of mercnzy,...^.... 3*7847 0*01934 

Comparison of Heads of Waier in Fedy f/nih Pressures m 

Vofriows UnUs. 

One foot of water at 52^*3 Fahr. = 62*4 lbs. on the square foot. 

„ „ 0*4333 lb. on the square inch. 

y, „ 0*0295 atmosphere. 

„ „ 0*8823 inch of mercury at 32°* 

" " ' * ^ ( one atmosphere. 

One lb. on the square foot, 0*016026 foot of water at 52^*3 

Fahr. 

One lb. on the square inch, 2*308 feet of water. 

One atmosphere of 2 9 '9 2 2 inches > 

of mercury, / ^^ ^ " " 

One inch of mercury at 32% 1*1 334 „ „ 

One foot of air at 32**, and one ) ©.ooiaoa 

atmosphere, J ^* " " 

One foot of average sea water, i *026 foot of pure water. 

5. Work is expressed in units of weight lifted through an unit 
of height; as in lbs. lifted one foot, called foot-pounds; or 
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kilogrammes lifted one metre, called kUogramme^res. (See Section 
XL of this part) 

A kilogrammetre is 7*23308 foot-pounds. 
A foot-pound is 0*138254 kilogrammetre, 

6. P«wcr is expressed in units of work done in an unit of time; 
as in foot-pounds per second, per minute, or per hour; or in 
conventional units called honi-power. 

One Hors^PovoeTy British measure, == 550 fL-lbs. per second 
= 33,000 ft -lbs. per minute = 1,980,000 fb.-lbs. per hour. 

One ^* Force de Chevaly^ French measure, = 75 kHogrammetres 
per second = 542^ ft-lbs. per second nearly = 0*9863 
British horse-power. 

One British horse-power = 1*0139 force de cheyal. 

7. The staUeai ]ii«Hiait of a given weight relatively to a given 
vertical plane is the product of the weight into its horizontal 
distance from that plane, and is expressed in the same sort of 
units with work. 

Compariaon of Measures of Statical Moment. 

EiIognznxnetrs& 

Inch-lb. ^ o'oii52i 

12=: I Ft-lb. = 0*138254 

112=: 9j= ilnch-cwt.= 1-29037 

1,344= 112 ^ 12= I Foot-cwt.= 15-4844 

2,240= i86J:= 20= if= I Inch-ton = 25-8074 

26,880 = 2,240 := 240 ^20 =12 = 1 Foot-ton r= 309*689 

8. AbMinte Vmitm of Force.— The "Absolute Unit of Force** is 
a term used to denote the force which, acting on an unit of mass 
for an unit of time, produces an imit of velocity. 

The unit of time employed is always a second. 

The unit of velocity is in Britain one foot per second; in 

France one metre per second. 
The unit of mass is the mass of so much matter as weighs one 

unit of weight near the level of the sea, and in some 

definite latitude. 
In Britain the latitude chosen is that of London; in France, 

that of Paris. 
In Britain the unit of weight chosen is sometimes a grain, 

sometimes a pound avoirdupois; and it is equal to 32*187 

of the corresponding absolute units of force. 
In France the unit of weight chosen is a gramme, and it is 

equal to 9-8087 of the corresponding absolute units of force. 

The proportions borne to each other by the absolute units of 

force in different countries are nearly the same with those of the 

units of work (see Article 5 of this Section), and would be exactly 
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the same but for the variation of the force of gravity ia the 
latitude. Gravity is about 1*00017 times greater in London than 
in Paris. 



Section X.— Measubbs of Heat. 

1. Temperatmret or^ InteaBlty of Heat. — 

StAKDABD PoIMTS- iSSffiJ^^gSK w2Sj5r. 

BoUing point of water ) ^^^o ^^^ 80 






under one atmosphere^ j 
Melting point of ice, 32** o* 

9° Fahrenheit = 5" Centigrade = 4* B^aumui*. 

9 
Temp. Fahr. = •- Temp. Cent. + 32" 

Temp. Cent. = ^ (Temp. Fabr. — 32**) = - Temp. R&um. 

y 4: 

4 4 

Temp. R^aum. = g (Temp. Fahr. — 32') = g Temp. Cent. 

2. Qnaatiiies of Heat are expressed in units of weight of water 
heated one degree; as in pounds of water heated one degree of 
Fahr. (the British unit of beat) : or in kilogrammes of water 
heated one degree Centigrade (the French unit of beat). 

One French unit of beat (called CcUorie) = 3*96832 British units. 
One British unit of beat = 0*251996 French units. 

Quantities of beat are sometimes also expressed in units of 
ewiporation; that is, units of weight of water evaporated under 
the pressure of one atmosphere. 

Heat which evaporates one lb. 
of water under one atmos- )- =g66'i British units of heat, 
phere, 



H«it which ejapotates one ) , j, j^ j ^j^ 

kilogTamme of water, j °^ ' *"<=»>- 
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COHPABATITB TaBLB Of SCAIJEB OF TEMntRATDBS. 



Fahr. 


Cent 


B^ohl 


Fahr. 


Gent 


B^j^ni- 


Fahr. 


Gent 


B€aam 


-68 


-50 


-40 


3" 


15s 


124 


680 


360 


288 


-49 


-45 


-36 


320 


160 


128 


689 


365 


292 


-40 


-40 


-32 


329 


165 


132 


698 


370 


2g6 


-31 


-35 


-28 


338 


170 


136 


707 


375 


300 


-2a 


-30 


-24 


347 


175 


140 


716 


380 


304 


-13 


-25 


~20 


35<5 


180 


144 


725 


385 


308 


- 4 


— 20 


-16 


3<55 


185 


148 


734 


390 


312 


+ S 


-15 


— 12 


374 


190 


152 


743 


395 


316 


14 


— 10 


- 8 


383 


195 


156 


752 


400 


320 


23 


- 5 


- 4 


392 


200 


160 


761 


405 


324 


32 








401 


205 


164 


770 


410 


328 


41 


+ 5 


+ 4 


410 


210 


168 


779 


415 


332 


50 


10 


8 


419 


215 


172 


788 


420 


336 


59 


15 


12 


428 


220 


176 


797 


425 


340 


68 


20 


16 


437 


225 


180 

• 


806 


430 


344 


77 


25 


^0 


446 


230 


184 


81S 


435 


34S 


86 


30 


24 


455 


235 


188 


824 


440 


352 


95 


35 


28 


464 


240 


192 


833 


445 


356 


104 


40 


32 


473 


245 


190 


842 


450 


360 


"3 


45 


3^ 


482 


aSo 


200 


851 


455 


364 


X22 


50 


40 


491 


255 


304 


860 


460 


368 


«3i 


55 


44 


500 


260 


308 


869 


465 


372 


X40 


60 


48 


509 


265 


212 


878 


470 


376 


149 


65 


52 


518 


270 


216 


887 


475 


380 


158 


70 


56 


527 


275 


320 


896 


480 


384 


167 


75 


60 


536 


280 


224 


905 


485 


388 


176 


do 


64 


545 


285 


228 


914 


490 


392 


185 


85 


6S 


554 


290 


232 


923 


495 


39^ 


194 


90 


72 


5^3 


295 


236 


932 


500 


400 


203 


95 


76 


572 


300 


240 


941 


505 


404 


212 


100 


80 


581 


305 


244 


950 


510 


408 


221 


105 


84 


590 


310 


248 


959 


515 


412 


230 


no 


88 


599 


315 


252 


968 


520 


416 


239 


"5 


92 


608 


320 


256 


977 


525 


420 


248 


120 


96 


617 


325 


260 


986 


530 


424 


257 


125 


100 


626 


330 


264 


995 


^35 


428 


266 


130 


104 


635 


335 


268 


1004 


540 


432 


275 


135 


108 


644 


340 


272 


1013 


545 


436 


284 


140 


112 


653 


345 


276 


1022 


550 


440 


293 


145 


116 


662 


350 


280 


1031 


555 


444 


302 


150 


120 


671 


355 


284 


1040 


560 


448 
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SscnoH XL — ^Tables of Multipubbs job Convsrtiko 

Measubes, 



BImmt* DeelMoU sMd 



1. ConpariaoM ^f 

Halves. 4tliB. Sikuk VHka. 

I ... 

Z ••• 2 ... 



d ••• 4 



I . 
3 . 

3- 

4- 



6. 

7 • 
8. 

9- 

lO . 



II . 
3 ••• 6 ... 12 . 

13 • 



2 ... 4 



7 — U . 

15. 

8 ... 16 . 

17- 

9 ... 18 . 



19. 

5 ••• ^^ ■«• ^^ * 

21 . 

XI ... 22 . 
23. 

^ ••• O •.• 12 ... 2^ . 

25 • 
13 ... 26 . 

27 . 

7 ••• 14 ••• 28 . 

29 . 

15 — 30 • 

3^ . 
s ••• 4 ■** ^ *** i^ *** 3 * 



DedmalBL 12tha. eOa illu. Sda. Hiav«& 
•03125 
'06250 
•08333 — I 

•09375 
•12500 

•15625 

•16667 ... 2 ... X 

•18750 

•21875 

•25000 ... 3 Z 

•28125 

•31250 

•33333 - 



4 *•■ 2 •••»«.••• z 



•34375 

•37500 
•40625 

•41667 . 

•43750 
•46875 
•50000 ., 
•53125 
•56250 

•58333 • 

•59375 
•62500 

•65625 

'6666^ .. 

•68750 

•71875 
•75000 .. 

•78125 

•81250 

•83333 . 

•84375 
•87500 

•90625 

•91667 ., 

•93750 
•96875 

I'OOOOO .. 



3 •.. a 



••« ••• 



••• z 



8 



a 



10 



II 



12 



o «•• 4 *** 3 *** 
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The values, in decimals, of the binary fractions are exact Those 
of duodecimal fractions which are not also binary fractions, are 
approximate only. 

2. aiHliJplicn f«r CmiTcrtliiS British M 





A.-Lin1cH 
into 


B.— Feet into 
TJnkR. 


C— Square 
Links into 


D.— Square 
Feet into 






Feet 


Square Feet 


Square links. 




I 


o'66 


1-515^5 


0-4356 


2-2957 


I 


2 


1-32 


3-03030 


0-8712 


4-5914 


2 


3 


1-98 


4-54545 


1-3068 


68871 


3 


4 


2*64 


6-06061 


1-7424 


9-1827 


4 


5 


330 


7-5757^ 


2-1780 


11-4784 


5 


6 


3.96 


9-09091 


2-6136 


13-7741 


6 


7 


4*62 


10-60606 


3-0492 


16-0698 


7 


8 


5-28 


12*12121 


3-4848 


183655 


8 


9 


5*94 


1363636 


3-9204 


20-6612 


9 


lO 


6 '60 

R^Mean 


15-15152 

F.— statute 


4-3560 


22-9568 


10 




Geographical 

Miles into 
Statate MUea. 


Miles into Mean G.— Tons 


H.— Lba. 






Qepgraphica] 
Miles. 


I intoLbsL 


into Tons. 




I 


1-151 


0-869 


2,240 


•0004464 


I 


2 


2*302 


1-738 


4,480 


'OO08929 


2 


3 


3-452 


2-607 


6,720 


•0013393 


3 


4 


4-603 


3-476 


8,960 


•0017857 


4 


5 


5754 


4*345 


11,200 


•0022321 


5 


6 


6-905 


5-214 


13^440 


•0026786 


6 


7 


8056 


6-083 


15,680 


•0031250 


7 


8 


9-207 


6-952 


17,920 


•0035714 


8 


9 


10-357 


7-821 


20,160 


•0040179 


9 


lO 


11-508 


8-690 


22,400 


•0044643 


10 




L— Tons 


J.-<hibio Feet 

into Tonn 


K.— LlML on the 


Ij.— Lbs. on 






Displacement 


Square Inch 


the Square Foot 
into Lhe. on title 






into 


Diq;>laoement 


Into Lba on the 






GaUc Feet 


Square Foot 


Square Inch. 




I 


35 


•02857 


144 


•00694 


z 


2 


70 


•05714 


288 


•01389 


2 


3 


105 


•08571 


432 


•02083 


3 


4 


140 


'II429 


576 


•02778 


4 


5 


175 


•14286 


720 


•03472 


5 


6 


210 


•I7U3 


864 


•04167 


6 


7 


245 


•20000 


1,008 


•04861 


7 


8 


280 


•22857 


1,152 


'O5556 


8 


9 


3J^5 


•257 U 


1,296 


•06250 


9 


lO 


350 


•28571 


1,440 

• 


•06944 


10 
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11— LIm. AY(rfr. 


N.-Oralnsinto i 


[).— CqUo Feet 


p.— Oallons Into 


intoQraina. 


Lbs. Avoir. 


into Gallons. 


Cubic Feet 


1 7, 


000 


0*000142857 


^•2355 


0*16037 I 


2 14, 


000 


0-000285714 


12^4710 


0*32074 2 


3 2IyOOO 


0-000428571 


18*7065 


0*48112 3 


4 28, 


000 


0*000571429 


24*9420 


0-64149 4 


5 35^ 


000 


0*000714286 


311775 


o*8oi86 5 


6 42, 


000 


0*000857143 


37-4130 


0*96223 6 


7 49, 


000 


0*001000000 


43<5485 


1*12260 7 


8 56, 


000 


0*001142857 


49*8840 


1*28298 8 


9 <53, 


000 


0*001285714 


46*1195 


144335 9 


10 70,000 


0*001428571 


62*3550 


1*60372 10 


Q.— ValiieB of Dedmal FractionB of a Ponnd Sterling In Shillings and Penoa. 


£ 


8, 


d. 


£ i 


r. d. 


£ 8. d. 


•001 = 





0*24 


'01 = 2*4 


•1 = 2 


•002 





0*48 


•02 4*8 


•240 


•003 





072 


•03 7*2 


•360 


•004 





0*96 


•04 9*6 


•480 


•005 





I '20 


•05 ] 


c o*o 


•5 10 


•006 





1*44 


*o6 ] 


[ 2*4 


•6 12 


•007 





1*68 


•07 : 


c 4-8 


•7 14 


•008 





1*92 


•08 


I 7*2 


•8 16 


•009 





2*16 


•09 : 


[ g'6 


*9 18 


R— Valnes of Farthings, Fence, and SUUlxi 


igs in Dedmal ] 


fractlona of a Pound. 






£ 


Shillings. 


£ 


I 




•0010417 


I 


•05 


2 




•0020833 


2 


*IO 


3 




•0031250 


3 


•15 


Fenca 






4 


•20 


I 




•004167 


5 


•25 


li 




•006250 


6 


•30 


2 




•008333 


7 


•35 


3 




•012500 


8 


•40 


4 




•016667 


9 


•45 


4i 




•OT8750 


10 


•50 


5 




•020833 


II 


•55 


6 




•025000 


12 


•60 


7 




•029167 


13 


•65 


l^ 




•031250 


14 


70 


8 




•033333 


15 


•75 


9 




•037500 


16 


•80 


10 




•041667 


17 


•85 


loi 




•043750 


18 


•90 


II 




•04£ 


)833 


19 


•95 



t .lit 

■ij-sjill 1 1 
lllili i| 









iJ L 
•II 



11 



ali.a.g.aBsl'!? 
ii»1-aali1ll 



H 


.2:5 

Si 
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%\ 


•s§ 


f 


?iifiif 
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MEASURES. 



4. MULTIFLIEBS FOB CONYEBTINa BRITISH AND FRENCH 

TifieAR TTRiea. 





A.— MotTM 


BL— Feet 


C— Millimetres 


D.— Inches 






into 


into 


into 


into 






Feet 


Metres. 


Inches. 


Millimetres. 




I 


3*2809 


0-3048 


•03937 


25*400 


I 


2 


6-5617 


0*6096 


•07874 


50*800 


2 


3 


9*8426 


0-9144 


•I1811 


76*199 


3 


4 


I31235 


1-2192 


•15748 


101*599 


4 


5 


16*4043 


1-5240 


•19685 


126*999 


5 


6 


196852 


1-8288 


•23622 


152-399 


6 


7 


22*9661 


2-1336 


•27559 


177*798 


7 


8 


26*2470 


2-4384 


•31496 


203*1961 


8 


9 


29*5278 


2-7432 


'35433 


228*598 


9 


lO 


32*8087 


3*0480 


•39370 


253-998 


10 




S.— Square Metres 


F.— Square Feet 
into 


G.— Square 


H~Square Inches 






into 


Millimetres into 


intoSqtiare 






Square Feet 


Square Metres. 


Square Inches. 


Millimetres. 




I 


10*764 


•0929 


-0015500 


645-15 


I 


2 


21*528 


•1858 


•0031001 


1290*30 


2 


3 


32*292 


•2787 


•0046501 


1935-44 


3 


4 


43*056 


•3716 


•0062001 


2580-59 


4 


5 


53821 


•4645 


•0077501 


322574 


5 


6 


64*585 


•5574 


•0093002 


3870-89 


6 


7 


75*349 


•6503 


•0108502 


4516*04 


7 


8 


86*113 


'7432 


•0124002 


5161*18 


8 


9 


96*877 


•8361 


•0139503 


5806*33 


9 


lO 


107*641 


•9290 


•0155003 


6451*48 


10 




L— Onbio Metres 


J.— Cubic Feet 


E.-Oubic Millimetres L.— Cubic Inches 






into 


into 


into 


into 






Cubic Feet 


Cubic Metiies. 


Cubic Inches. 


Cubic Millimetres. 




I 


35-316 


•028316 


'OOO06103 


16387 


I 


2 


70*631 


•056632 


•00012205 


32773 


2 


3 


105*947 


•084948 


•00018308 


49160 


3 


4 


141*262 


•II3264 


•00024410 


65546 


4 


6 


176-578 


•I41581 


•00030513 


81933 


5 


6 


211*894 


•169897 


•00036615 


98320 


6 


7 


247*209 


•I98213 


•00042718 


II4706 


7 


8 


282*525 


•226529 


•00048820 


I31093 


8 


9 


3x7*840 


•254845 


•00054923 


147480 


9 


10 


353156 


•283161 


•00061025 


163866 


10 
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MuLTiPLiEBS FOB CoimBBTiiro Brttish aztd Fbenob 

Measubes — wnlinued. 





31— Orammea 


N.— Gralna 


a— EIlogrammM 


p.— LtM. 






into 


into 


into 


into 






OrainR. 


Grammes 


LtM. 






I 


i6'4323 


■06480 


2*2046 


0-4536 


Z 


2 


30-8647 


'12960 


4-4092 


0-9072 


a 


3 


46*2970 


•19440 


6*6139 


1-3608 


3 


4 


61*7294 


'25920 


8*8185 


1*8144 


4 


5 


77*1617 


•32399 


11*0231 


2*2680 


5 


6 


92*5941 


•38879 


13*2277 


2*7216 


6 


7 


108*0264 


'45359 


154323 


31751 


7 


8 


123*4588 


•61839 


17*6370 


3*6287 


8 


9 


138*8911 


•58319 


19*8416 


4*0823 


9 


10 


1543235 


•64799 


22*0462 


45359 


zo 




Q.— Tonneauz 


B,— Tom 


&-LltrM 


T.— Oallooi 






into 


Into 


into 


into 






Ton& 


Tonneanz. 


Gallons 


LitreiL 




I 


0-9842 


I '0160 


0*2202 


4-541 


z 


2 


I *9684 


2*0321 


0-4404 


9*082 


2 


3 


2*9526 


3*0481 


0*6606 


13-623 


3 


4 


39368 


4*0642 


0*8809 


18-164 


4 


5 


4*9210 


5*0802 


I'lOII 


22-705 


5 


6 


59052 


6*0963 


1*3213 


27-246 


6 


7 


6-8894 


7*1123 


1-5415 


31-787 


7 


8 


7*8736 


8*1284 


1-7617 


36*328 


8 


9 


8*8579 


91444 


1*9819 


40*869 


9 


10 


9*8421 


10*1605 


2*202li 


45*410 


zo 








W.— Ellofframmea 
on the Square 


Z.— LlM. on the 






U.— KilogrammetrsB 
Jnto 


V.-FooULl». 


Square Inch into 
kilogrammes 






into 


HSllimetre into Lbs. 






Foot-LbB. 


Eilogrammetres. 


on the 
Square Inoh. 


on the Square 
Millimetre. 




I 


7233 


0-13825 


1422 


•000703 


z 


2 


14*466 


0*27651 


2845 


'OOI406 


2 


3 


21*699 


0^41476 


4267 


'002109 


3 


4 


28-932 


0-55302 


5689 


'OO2812 


4 


5 


36*165 


0*69127 


7IH 


•003515 


5 


6 


43398 


0*82952 


8534 


'OO4219 


6 


7 


50*632 


096778 


995^ 


•004922 


7 


8 


57865 


1*10603 


11378 


•005625 


8 


9 


65098 


1*24429 


1280Z 


•006328 


9 


10 


72-331 


1-38254 


14223 


•007031 


zo 



lU 



MinamiEBS roa Ooktxbxino Bbitibh. abd Fbincb 





into 
Hi]e& 


into 
EflometraiL 


into 


into 
HeotHML 




I 


0*6214 


1*6093 


2-471 


0*4047 


1 


2 


1*2428 


3*2 186 


4*94» 


0-8094 


2 


3 


1-8641 


4*8280 


7-413 


1*2 140 


3 


4 


3-4855 


6-4373 


9*884 


1-6187 


4 


5 


3*1069 


80467 


I2*35d 


2*0234 


5 


6 


3.7283 


9*6560 


14*827 


2*4281 


6 


7 


4*3496 


11*2653 


17*298 


28328 


7 


8 


4*9710 


12*8747 


19*769 


3-2375 


8 


9 


55924 


14*4840 


22*240. 


3-6421 


9 


lO 


6*2138 


16*0933. 


24*711 


4*0468 


10 




CC— Francs 


DD.-£ 


EK— FranoB 


FF.— Pence 






into 


into 


into 


into 






£. 


Fruic& 


Peno& 


Franca. 




z 


•03965 


25*22 


9*516 


0*10508 


I 


2 


•07930 


50-44 


19-033 


0*21017 


2 


3 


•I 1895 


75-66 


28-549 


0*31525 


3 


4 


*i586o 


IOO-88 


38-065 


0*42033 


4 


5 


•198 26 


126*10 


47-581 


0-52542 


5 


6 


•23791 


151-32 


57-098 


0-63050 


6 


7 


•27756 


176-54 


66*614 


073558 


7 


8 


•31721 


201*76 


76-130 


0-84067 


8 


9 


•35686 


226*98 


85*646 


0-94575 


9 


lO 


•39651 


252*20 


95-163 


1-05083 


10 



5. Conversion op Yelocities. 





A.— Uiies 


R— Feet 


a— Knots 


D.— Feet 






per Honr into 


per Second into 


into 


per Second 






Feet per 


Miles per 


Feet per 


into 






Second. 


Honr. 


Second. 


KnotB. 




2 


1*467 


0*682 


1*688 


0*592 


I 


2 


2-933 


1*364 


3376 


1-185 


2 


3 


4-400 


2-045 


5*064 


1*777 


3 


4 


5*867 


2-727 


6*752 


2*370 


4 


5 


7-333 


3-409 


8-439 


2*962 


5 


6 


8*800 


4*091 


10*127 


3555 


6 


7 


10*267 


4-773 


11-815 


4-147 


7 


8 


"•733 


5-455 


13-503 


4-740 


8 


9 


13*200 


6-136 


15*191 


5-332 


9 


10 


14*667 


6-8i8 


16*879 


6-925 


10 



comrERSioK table& 115 



CoNYEBSiOK OF Yelocities — Continued, 

Angular Velodtj. 

EL— Knots into F.— Metres per G.— Toms per H.— Clrookr 

Metres per Second into Second into MeMnreinto 

Second. Knots. Circnlar Measure. Toms per Second. 

X o'5i44 I '944 6*28 

^ 1-0288 3-888 12-57 

3 1*5432 5832 18-85 

4 2-0576 7-776 25-13 

5 2-5720 9-720 31-42 

6 3*0864 11*664 37*70 

7 3-6008 13-608 43*98 

8 4*1152 15*552 5027 

9 4-6296 17*496 5655 
10 5*1440 19*440 62*83 



6. CONTERSION OF PRESSURES IN AtMOSPH£RE& 



0-159 


X 


0-318 


a 


0-477 


3 


0-637 


4 


0-796 


5 


0-955 


6 


1-114 


7 


1-273 


8 


1-432 


9 


1-592 


10 



V fwi#\A 


Lbs. on 


Lbs. on the 


Kilogrammes 


Millimetres 


Inches 


Feet 


innos* 


the 


Square 
Foot 


on the 


of 


of 


of 


)here& 


Square Inch. 


Square Metre. 


Mercury. 


Mercury. 


Water. 


I 


14*7 


2I16 


10333 


760 


29-922 


33*9 


2 


294 


4233 


20666 


1520 


59-844 


67*8 


3 


44*1 


<5349 


30999 


2280 


89-765 


ioi'7 


4 


58-8 


8465 


41332 


3040 


1x9-687 


135-6 


5 


73*5 


10581 


51665 


3800 


149*609 


169*5 


6 


88*2 


12698 


61998 


4560 


179*531 


203*4 


7 


102*9 


14814 


72331 


5320 


209-453 


237*3 


8 


1 17 -6 


16930 


82664 


6080 


239374 


271*2 


9 


132-3 


19047 


92997 


6840 


269-296 


305*1 


10 


147-0 


21163 


103330 


7600 


299-218 


339*0 
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PAKT III. 

RULES IN ENGINEERING GEODESY. 

Section I. — Rules depending on the Dimensions and Fiqurb 

OF THE Earth. 

1. Earth'* Principal Dimensions (as calculated at the British 

Ordnance Survey Office, and published in 1866.) — Longitude of 
the earth's greater equatorial axis, about 15° 34' east of Greenwich. 
Longitude of the earth's lesser equatorial axis, about 105° 34' east 
of Greenwich. 

Feet Metree. 

Greater equatorial axis, 41,852,700 12,756,588 

Lesser equatorial axis, 41,839,944 i2>75g>7oi 

Mean equatorial diameter, 4 1,846,32 2 1 2,754,644 

Polar axis, 41,706,858 12,712,136 

Mean between mean equatorial ) , 

diameter and polar axis, / 4i>770,59O ",733,390 

In the present state of our knowledge, calculations of the earth's 
dimensions are doubtful beyond the fifth figure. 

2. minute of ijatiinde. — Length on the earth's surface corre- 
sponding to a minute of the mean meridian; 

in feet = 6076 - 31 cos • 2 latitude of middle of arc; 
in metres = 1852 - 9*4 cos • 2 latitude of middle of arc; 

(observing that cosines of obtuse angles have their signs reversed.) 
These formulae are correct, for any meridian, to the nearest foot, 
and to the nearest xV of a metre. 

3. minute of Prime Terticai (being the great circle perpendicular 
to the meridian), 

. J, ._12214 + length of minute of meridian 
in tee V — ^ ^ 

3723 + length of minute of meridian 
in metres = « • 

4. minute of liongitnde.— For its length multiply the length of 
a minute of the prime vertical by the cosine of the latitude. 

o. Explanation of Table.— The following table gives the results 
of the three preceding rules in feet, correct to the nearest foot, for 
latitudes at intervals of one degree, from 0° to 90°:— 
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RULES IN ENOmEERINO GEODEST. 



Lai 

o*» 

I 
2 

3 

4 

5 
6 

1 
8 

9 
xo 

IZ 
12 

13 
14 

15 
i6 

17 
i8 

19 

20 
21 
22 

33 
34 
25 

26 
27 
28 
29 
30 

31 
33 

33 
34 
35 
36 

37 
38 

39 
40 
41 
43 
43 
44 
45 



MiaLoag. 


Min. pr. T. 


MIn.Lat 


MizLLat 


Mln. pr. T. 


UtauLong. 


... 6086 .. 


.. 6086 .. 


.. 6045 


6107 . 


.. 6107 .. 


... 


... 6085 .. 


.. 6086 .. 


.. 6045 


6107 . 


.. 6107 ., 


.. 107 ... 


... 6083 .. 


.. 6086 .. 


.. 6045 


6107 . 


.. 6107 ., 


.. 213 ... 


... 6078 .. 


,. 6086 .. 


.. 6045 


6107 ., 


,. 6107 .. 


.. 320 ... 


... 6071 .. 


.. 6086 .. 


.. 6045 


6107 . 


.. 6107 ., 


.. 426 ... 


... 6063 ., 


.. 6086 .. 


.. 6045 


6107 . 


.. 6107 .. 


.. 532 ... 


... 6053 ., 


.. 6087 .. 


.. 6046 


6106 • 


.. 6107 ., 


.. 638 ... 


... 6041 .. 


.. 6087 .. 


,. 6046 


6106 . 


.. 6107 .. 


.. 744 — 


... 6027 .. 


.. 6087 .. 


.. 6046 


6106 . 


.. 6107 . 


.. 850 ... 


... 60£2 .. 


.. 6087 .. 


.. 6047 


6105 . 


.. 6106 .. 


.. 955 - 


... 5994 .. 


.. 6087 .. 


.. 6047 


6105 . 


.. 6106 ., 


.. 1060 ... 


..• 5975 • 


.. 6087 .. 


.. 6047 


6105 . 


.. 6106 ., 


.. 1165 ... 


... 5954 ., 


.. 6087 . 


.. 6048 


6104 • 


.. 6106 . 


.. 1270 ... 


... 5931 • 


.. 6087 .. 


.^ 6048 


6104 . 


.. 6106 . 


.. 1374 ... 


... 5907 • 


.. 6088 . 


.. 6049 


6103 . 


.. 6106 . 


.. 1477 ... 


... 5880 . 


.. 6088 ., 


.. 6049 


6103 . 


.. 6106 . 


.. 1580 ... 


... 5852 . 


,. 6088 .. 


.. 6050 


6102 . 


.. 6105 . 


.. 1683 ... 


... 5822 . 


.. 6088 ., 


.. 6050 


6102 . 


.. 6105 . 


.. 1785 ... 


... 5790 • 


.. 6088 . 


.. 605T 


610I . 


.. 6105 . 


.. 1887 ... 


- 5757 . 


.. 6089 .. 


.. 6052 


6100 . 


.. 6105 . 


.. 1988 ... 


... 5721 ., 


.. 6089 . 


.. 6052 


6100 . 


.. 6105 .. 


.. 2088 ... 


... 5684 .. 


.. 6089 .. 


.. 6053 


6099 . 


.. 6104 . 


.. 2188 ... 


... 5646 ., 


,. 6089 .. 


.. 6054 


6098 .. 


.. 6104 .. 


.. 2287 ... 


... 5605 .. 


.. 6089 .. 


.. 6054 


6098 .. 


.. 6104 . 


.. 2385 ... 


... 5563 .' 


.. 6090 .. 


.. 6055 


6097 ., 


.. 6104 .. 


.. 2483 ... 


... 5519 •" 


.. 6090 .. 


.. 6056 


6096 .. 


.. 6103 ., 


.. 2579 ... 


... 5474 .. 


,. 6090 . 


.. 6057 


6095 .. 


.. 6103 .. 


.. 2675 ... 


... 5427 •' 


,. 6091 .. 


.. 6058 


6094 .. 


.. 6103 ., 


.. 2771 ... 


... 5378 •' 


.. 609Z .. 


.. 6059 


6093 ., 


.. 6102 ., 


.. 2865 .,. 


... 5327 • 


.. 6091 .. 


.. 6060 


6092 .. 


• 6102 .. 


,. 2958 ... 


... 5275 . 


.. 6092 .. 


.. 6061 


6091 .. 


.. 6102 .. 


.. 3051 - 


... 5222 ., 


.. 6092 . 


.. 6061 


6091 .. 


. 6102 ., 


.. 3142 ... 


... 5166 .. 


.. 6092 . 


.. 6062 


6090 .. 


. 6101 ., 


. 3233 •.. 


... S109 ., 


.. 6092 .. 


.. 6063 


6089 .. 


.. 6101 ., 


.. 3323 .- 


... 505^ •" 


.. 6093 . 


.. 6064 


6088 .. 


.. 6101 .. 


.. 3413 ... 


... 4991 •• 


.. 6093 . 


.. 6065 


6087 .. 


.. 6100 ., 


.. 3499 ... 


... 4930 •< 


.. 6093 . 


.. 6066 


6086 .. 


.. 6100 ., 


.. 3586 ... 


... 4867 .. 


.. 6094 . 


.. 6067 


6085 ., 


.. 6100 .. 


.. 3^571 •.• 


... 4802 .. 


.. 6094 . 


.. 6068 


6084 .. 


.. 6099 .. 


.. 3755 ... 


... 473<5 .. 


.. 6095 ., 


.. 6070 


6082 ., 


.. 6099 ., 


.. 3838 ... 


... 4669 ., 


.. 6095 .. 


.. 6071 


6081 .. 


.. 6098 .. 


.. 3920 ... 


... 4600 .. 


.. 6095 .. 


.. 6072 


6080 .. 


. 6098 .. 


.. 4001 ... 


... 4530 • 


.. 6096 .. 


►. 6073 


6079 .. 


.. 6098 ., 


.. 4080 ... 


... 4458 .. 


,. 6096 ., 


.. 6074 


6078 ., 


. 6097 ., 


.. 4158 ... 


... 4385 .« 


,. 6096 ., 


.. 6075 


6077 .. 


. 6097 ., 


.. 4235 •- 


... 43" •' 


>. 6097 .. 


.. 6076 


6076 .. 


,. 6097 ., 


.. 43" - 



Lat 
90" 
89 

88 
87 
86 

85 

84 

83 
82 

81 

80 

79 
78 

77 
76 

75 
74 

73 

72 

71 

70 

69 
68 
67 
66 

65 

64 

63 
63 

61 

60 

59 

58 

57 
56 
55 
54 
53 
5a 
SI 
50 

49 
48 

47 
46 
45 
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6. BUaale •T m Grau dvcle te mmr i ■!■■!> i — Azhnuih IB tke 
angle vhicli a giyen vertical plane tniTendng a station makes with 
the plane of the meridian of that statiom. IjBt m denote the length 
of a minute of the meridian, and p the leng^ of a minute of the 
prime vertical, at the latitude of the middle of the arc to be 
measuredj then the length required 

= ^-^ ^ Q • COS 2 azimuth; 

observing, that when the azimuth exceeds 45^, the second term 
of the formula is to be added, instead of subtzacted. 

Example I. — ^In latitude 60°, required the length in feet of ono 
minute of a great circle on the earth's suifisuse whose azimuth is 30°!» 



M^ r »»«f »» ^ >^ 

2 ^ 

p — m 

2 " 


2 - 2 ' 
— = 5'5 feet 


o 6096-5 feet 


X cos 60° = 


0-5 




Product to be subtracted 


2-75 









Length required, to the nearest foot, . . . 6094 feet 

Example IL — In the same latitude, let the azimuth be 60°; 
then 60° x 2 = 120°, an obtuse angle, whose cosine is = — cos 
(180° - 120°) = - cos 60° = - 0-5. 

2-i-^ as before, 6096-5 feet 



Length required, to the nearest foot, 6099 feet 

6a. Contained Arc. — Divide the distance between two stations 
bv the length of a minute on the great circle through them ; the 
quotient will be the contained arc in minutes. 

7. To llnd the iTnie Asiinntli of n Statlon-Iilne. 

I. By Hie Tioo greoUest EUmgationa of a Circumpolar Star. — 
Observe the greatest and least horizontal angles made by a star 
near the pole with the station-line when the star is at its greatest 
distances east and west of the pole, and take the mean of tliose 
angles, which is the true azimuth of the station-line. In the 
northern hemisphere the Pole-star, « TJrssB Minoris, is the best 

This method is seldom practicable with an ordinary theodolite, 
as in general one of the observations must be made hj daylight. 

IL By equal AUitvdea of a Star, — ^The theodolite being at a 
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station in the station-line chosen, measure the horizontal angle from 
ihe station-line to any star which is not near the highest or lowest 
point of its apparent daily course, and take also the sdtitude of that 
star. Leave the verticsi circle clamped, and let the instrameut 
remain undisturbed until the star is approaching the same altitude 
at the other side of its apparent circular course. Then, without 
moving the vertical circle, direct the telescope towards the star, 
clamp the vernier-plate, and by the aid of its tangent-screw follow 
the star in azimuth witJi the cross wires until it arrives exactly at 
its former altitude, as is shown by its image coinciding with the 
cross wires ; then measure the horizontal angle between the new 
dii'ection of the star and the station-line: the mean between the two 
horizontal angles will be the true azimuth of the station-line.* 

In both the preceding processes it is to be understood that the 
mean of two horizorUdI angles means their half-awm, when they are 
at the same side of the station-line, but their half-difference when 
they are at opposite sides. 

The second method may be applied to the sun, observing the 
sun's west limb in the forenoon and east limb in the afternoon, or 
vice versd; but in that case a correction is required, owing to the 
sun's change of declination. When the sun's declination is chang- 

. , \ , the approximate direction of the meri- 
dian, as found by the method just described, is too far to the 
l*Vt r ' '^'^ correction required is given by the formula,t 

change of sun's declination i x-x j 1 i 
s ^ sec 'latitude x cosec 5 angular 

motion of sun between the observations. 

III. By One greatest ElongaJtixm of a Cvrcwmpdar Star.^^-To use 
this method, the declination of the star, and the latitude of the 
place, should be known. Then 

sin * azimuth of star at greatest elongation 
= cos ' declination -r- cos 'latitude; 

and that azimuth, being added to or subtracted from the horizontal 
angle between the station-line and the star, when at its greatest 
elongation (accoi*ding as the station-line lies to the same side of 

* In observing at night with the theodolite, it is necessary to throw, by 
means of a lamp and a small mirror, enough of light into the tube to make 
the cross wires visible. 

f At the equinoxes, the rate of change of the snn*s declination is abont 
69" per hour; and it varies nearly as the cosine of the son's right 
ascension. 
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the meridian with the star, or to the opposite side) gives the 
azimuth of the station-line* 

lY. By observing the AUUvde of a Sta/ty and ike Horizontal 
Angle hettoeen it and the Staiion-Line, — The altitude being corrected 
for refraction, the azimuth of the star is computed by taking the 
zenith distance, or complement of that altitude, the polar distance t 
of the star, and the co-latitude of the place, as the three sides of 
a spherical triangle; when the azimuth of the star will be the 

* The following is a table of the declinations of a few of the more oon- 
spicuons stars for the Ist of January, 1865, together with the annual rate at 
which those declinations are changing, + denoting increase, and — diminu* 
tion:— 

NORTHERN HEMISPHEREL 

Stab. North Declination. Bate of Annual Varlatloii. 

o Andromedse, 28° 20' 42" + W-9 

a Ursae Minoris (Pole-Star), 88 35 23 +19-2 

o Arietis, 22 49 21 + 17 12 

a Ceti, 3 33 28 + 14 '4 

o Persei, 49 22 39 +13*2 

a Tauri (Aldebaran), 16 14 6 + 7 -6 

a Aurigie (Capella), 45 51 24 +4*2 

o Orionis (Betelgeuze), 7 22 43 + 1 *! 

o Geminorum (Castor), 32 10 52 — 7 '4 

a Canis Minoris (Procyon), 5 34 7 — 8 "9 

/5 Geminorum (Pollux), 28 20 67 —8*3 

a Leonis (Regains), 12 l^ 32 — 17 '4 

a Ursae Majoris, 62 28 44 —19-4 

ij Ursae Majoris, 49 69 17 — 18 '1 

a Bootis (Arcturus) 19 53 12 —18-9 

a Ophiuchi, 12 39 39 — 2 -9 

o Lyrae (Vega), 38 39 36 + 3 '1 

o Aquilae (Altair), 8 30 51 +9*2 

a Cygni, 44 47 58 +12 7 

a Pegasi (Markab), 14 28 46'5 + 19 '3 

SOUTHERN HEMISPHERE. 

Stab. South Declination. Bate of Annual Variatiaa 

B Orionis (Rigel), 8P 21' 38" — 4"-5 

a Golnmbae, 34 8 51 -- 2 *2 

o Argiis (Canopus), 52 37 23 +1-8 

a Canis Majons (Sinus), 16 32 1 + 4 "6 

a Hydrae, : 8 4 31 + 15 '4 

«i Argfls, 68 68 29 +18 7 

o Crucis. 62 20 68*5 + 19 "9 

a Virginis(Spica), 10 27 21 +18*9 

a Centauri, 60 16 24 . + 15 "0 

a Scorpii (Antares), 26 7 46 + 8 '4 

a TriangrQji AnstnJis, 68 46 27 + 7 *4 

a Pavonis, 57 9 49 — 11*1 

a Gruis, 47 36 46 — 17 "2 

a PisdaAnstrahsCFomalhaut),... 30 20 13 — 19 tl 

■f The polar distance is the complement of the dedinatioiL 
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angle opposite the side representing the polar distance. The 
azimuth of the station-line is then to be found as in. Method TTT . 

Y. Approadmaie Method hy (AsenAng certahi 
Stars. — ^In the northern hemisphere a meridian- '^ 

line may be fixed approximately by observing, 
with the aid of a plumb-line, the instant when 
the Pole-star A, and the star Alioth (« Urss 
Majoris), appear in the same vertical plane. The 
Pole-star is marked A in Eg. 36. 

8. Angle betireea Tw» llI«vidllaiM. — When two 

points on the earth's surface have the same -^ f ^ 
latitude, but different longitudes, the horizontal ^ ' 
angle made by their meridians with each other is « 
found by the following equation : — ^^' 

sin ^ horizontal angle = sin ^ difference of long, x sin • lat. 

9. Astronomical Refraction. — ^The correction for refraction is 
always to be subtracted from an altitude. It may be found in 
eeconds approximately by the following formula : — 

Kefraction = 58" x cotan apparent altitude. 

For more exact information on the subject, see a paper by the 
Bev. Dr. Robinson in the Transactions of t/ie Royal Irish Academy^ 
Tol. xix. Tables of Refraction are given in treatises on Naviga- 
tion, such as Raper's. 

Below about 8° or 10° of altitude the changeable condition of the 
atmosphere makes the correction for refraction very uncertain. 

10. Dip of the 8ea-Borixoa, in seconds = J (height of station in 
feet) X 57 "'4, nearly. 

11. To And the Ijntltnde of a Place. 

Method I. By the Mean Altitude of a Circunvpolar Star, — Take 
the altitudes of a circumpolar star at its upper and lower culmina- 
tions (which positions are known by watching for the instants when 
the altitude is greatest and least). From each of those apparent 
altitudes subtract the correction for refraction; the mean of the 
true altitudes thus found is the latitude of the place. 

Method IL By One Meridian Altitude of a Star. — ^Observe the 
meridian altitude of a star by watching for the instant when its 
altitude is greatest or least, and subtract the corrections for 
refraction, and also for dip, if necessary. The complement of the 
true altitude is the zenith distance. Pind the declination of the 
star from the Nautical Almanac (which is published four years in 
advance.) 

Then if the star is between the zenith and the equator. 

Latitude = Zenith distance -H Declination; (1.) 
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If the star is between the equator and the horizon, 

Latitude =: Zenith distance «— Deolination; (2.) 

If the star is between the zenith and the elevated pole. 

Latitude = Declination — Zenith distance; (3.) 

If the star is between the elevated pole and the horizon, 

Latitude = 180° — Declination — Zenith distance; •••(4.) 

Method III. By ihe SwrCs Meridian Altitude. — ^In this method 
the final calculation, from the sun*s declination, as found in the 
Nautical Almanac, and the true altitude of his centre, is the same 
as in Method II. But besides the correction for refraction and 
dip, the altitude requires to be further corrected by subtracting or 
adding the sun's semidiameter, according as his up{)er or lower 
limb has been observed, and by adding the sun*s parallax, being 
the angle subtended at the sun by the distance between the earth's 
centre and the place of observation. 

To find the correction for parallax, find the sun's horizontal 
parallax on the day of observation, from the NavJtical Almanac, and 
multiply it by the cosine of the altitude of the sun's centre. 

(The mean value of the sun's horizontal parallax is about 8" '6). 

The sun's semidiameter on the day of observation is to be found 
in the Naviiccd Almanac, It varies from 15' 46" to 16' 18", 

The calculation may be thus set down algebraically — 

( True altitude = apparent altitude — Dip (if the sea- 
\ horizon has been observed ~ " 
( semidiameter + parallax ; . 

Zenith distance = 90° — true altitude, (6.) 



a-) 

-^ horizon has been observed) — ^Befraction =t= sun's > (5.) 



Latitude (see Equations 1, 2, 3, 4). 

Equations 1 and 2 are the most frequently applicable to the sun. 
Equation 3 is occasionally applicable between the tropics; and 
Equation 4 relates to observations made at midnight, in summer, 
in the polar regions. 

12. The DiOercnce of ijatitiide of two Stations near each other 
is best found by observing the difference of the meridian alti- 
tudes or zenith distances of the same star as seen from the two 
stations. 

13. To ]fleasare a Base-IJine for a Sarrcjr Approzimatelft hj 

lAtiindca. — The stations for the two ends of the base-line should be 
within sight of each other ; not less than about fifty miles apart, if 
possible, and as nearly as possible in the same meridian. 



124 BULES IN ENOINEEBINO GEODEST. 

Take the trae azimiith of the base-line by Kule 7 ; and, if possible, 
take it £1*001 both stations, and take the mean of the results, which 
■will be slightly different. 

Take the latitudes of both stations by Rule 11, and the difference 
of their latitudes by Hule 12. The difference should be taken with 
the utmost possible precision ; the absolute latitudes need not be 
determined so closely. Take the mean or half-sum of those 
absolute latitudes. 

Multiply the difference of latitude by the secant (or divide by 
the cosine) of the azimuth; reduce the angle so found to minutes 
and decimal fractions of a minute; multiply it by the length cor- 
responding to a minute of a great circle in the given mean latitude 
and azimuth (see Hule 6 ); the product will be the required length 
of base, correct to about one-6,000th part of itself. 

Example. — Suppose the dai^ to be as follows : — 

Mean azimuth, 30^ 

Mean latitude, 60° 

Difference of latitude, 50' 

Then,— 

Difference of latitude __ 50' ^ «7'.7q« 
cos azimuth "" '86603 ~" 

X Length corresponding to one minute, ") 
as already computed in Example 1 of >- 6,094 feet. 

Rule 6, 3 

Length of base required, 351,837 feet. 

Which is coiTect to the nearest 60 feet, or thereabouts. 

14. To Bednce an EleTaled or Depressed Base to the Ijevel 

of the Sea. — Multiply the base as measured, by its elevation above 
or depression below the sea-level, and divide by the earth's mean 
radius; the quotient will be the correction, to be subtracted if 
the base is elevated, or added if it is depressed. (Earth's mean 
radius, accurate enough for the present purpose; 

20,900,000 feet, or 6,370,000 metrea) 
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Section XL — ^Scales fob Plans and Sections, 



1. Plans. 



OrdinaTT DeRignation 
ox Scale. 



(1.) liachto Ainile^. 



(2.) 4 ioches to a mile,. 



(3.) 6 inches to a mile^ . 



Fraction of 

real 
DimenaioikB. 



(4.) 6*336 inches to a mile, . . . 



(6.) 400 leet to an inch,, 



(6.) 6 chains to an inch,. 



(7.) 15*84 inches to a mile,... 

(8.) 5 chains to an inch, or ) 
16 inches to a mile, ) 



(9.) 25*344 inches to a mile, 






(10.) 200 feet to in inch,. 



68,860 

1 
16,840 

1 
10,660 



10,000 

1 
4,800 



4,752 
1 

4,000 

1 
8,960 



2,600 



2,400 



Usa 



Scale of the smaller ordnance maps of 
Britahi. This scale is well adapted 
for maps to be used in exploring the 
Country. 

Smallest scale permitted by the stand- 
ing orders of parliament for the de* 
posited plans of proposed works. 

Scale of the larger ordnance msps of 
Great Britain and Ireland. This 
scale, being just large enough to 
show buildings, roads, and other 
important objects distinctly in their 
true forms and proportions, and at 
the same time small enough to 
enable the eye of the engineer to 
embrace the plan of a considerable 
extent of country at one view, is on 
the whole the best adapted for the 
selection of lines for engineering 
works, and for parliamentary plans 
and preliminary estimates. 

Decimal scale possessing the same ad- 
vantages. 

Smallest scale permitted by the stand- 
ing orders of parliament for ''en- 
larged plans" of buildings and of 
land within the curtilage of buildings. 

Scale answering the same purpose. 



Scales well suited for the working 
surreys and land plans of great 
engineering works, and for en- 
larged parliamentary plans. 

(Scale 8 is that prescribed in the stand- 
ing orders of parliament for ''cross 
sections" of proposed railways, show- 
ing alterations of roads.) 

Scale of plans of part of the ordnance 
survey of Britain, from which the 
maps beforementbned are reduced. 
Well adapted for land plans of en- 
gineering works and plans of estates. 

Scale suited for similar purposes. 
Smallest scale prescribed by law fat 
land or contract plans in IreUmd« 
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Ordlxurv DeBignfttfon 
of Scale. 



(11.) 8 chainB to an inch,. 
(12.) 100 feet to an inch,. 



l^BCtion of 

real 
Dimensiona. 



(18.) 88 feet to an inch, or ) 
€0 inches to a inile, { 

(14.) 63*36 inches to a mile,... 

(16.) 44 feet to an inch, or ) 
120 inches to a mUe^ ) 

(16.) 126*72 inches to a mile^ 



(17.) 80 feet to an inch,. 
(18.) 20 feet to an inch,. 

(19.) 10 feet to an inch,. 

&C. 



2,376 

1 
1,200 

1 
1,066 

1 

1,000 

Jl_ 

628 

J^ 

600 

_1_ 

860 

JL^ 

240 

J_ 

120 
&c. 



Usa 



Scale of the Tithe Gommissionera' plans. 

Salted for the same purposes as the 

above. 
Scale suited for plans of towns, when 

not very intricate. 

Scale of ordnance plans of the less in- 
tricately built towns. 

Decimal Scale having the same pro- 
perties. 

Scale of ordnance plans of the more 
intricately built towns. 

Decimal scale having the same pro- 
perties. 



Scales fer special purposes 



2. SEcnoKS. 



Ordinary Designation 
of Yertical Scale. 



(1.) 100 feet to an inch, 



(2.) 40 feet to an inch, 



(3.) SOfeettoaninch, 
(4.) 20feettoanhich, 



Fraction 
of real 
Hei^t 



1,200 



480 



860 

1 

240 

&C 



Horizontal Scales 

with which the 

Yertical Scale is 

Qsoally combined. 



to 



16,840 10,560 



to 



4,800 3,960 



to 



3,960 2,876 



to 



8,960 2,376 



geration. 



From 
13*2 to 8*8 



10 to 8-26 



11 to 6*6 



16*6 to 9*9 



&c 



Use. 



Smallest scale permit- 
ted by the standing 
orders of parliament 
for sections of pro- 
posed works. 

Sinallestscale permit- 
ted by the standing 
orders of parliament 
for cross sections, 
showing alterations 
of roads. 



Scales suitable for 
working sections. 
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Vertical sections, oa a large scale (say J^ or jL), .ad «a&. 
out exaggercUiony are reqmred at the dtes of special works. 

Section HE. — Ruuss belating to SuBvsTiira 

1. Chaining ^n n Declirity — Rednction to the IicreL -^ The 

correction is always to be subtracted from the distance as mea- 
sured. 

When the angle of inclination has been measured by a '^ clino- 
meter" or other angular instrument: — Correction in links per 
chain = 100 x versed sine of inclination. 

When the vertical fall in links for each chain of distance on the slope 

is known : — Correction in links per chain = 100 - ^^10,000 - falR 

fall^ 
When the slope is gentle : — Correction in links per chain = -^r-rr 

nearly. 

1a. Expansion of ]9IiMMnrin« Rod* and Chaimk— Increase of length 

by an elevation of temperature of 100° Cent. = 180° Fahr. : — brass, 
0-00216; bronze, 0-00181; copper, 0*00184:; wrought iron and 
steel, 0-0012; cast iron, 0-0011; platinum, 0-0009; glass, 00009; 
dry deal, 000043. 

2. To Set Out a Bight Anglo by the Chain. — Choose any two 

numbers; take the sum of their squares, the difference of their 
squares, and twice their product; those three numbers will be pro- 
portional — the first to the hypothenuse, and the other two to the 
two legs of a right-angled triangle, which is to be set out on the 
ground. 

For example: numbers chosen, 1 and 2; hypothenuse, 22 + 1* 
= 5; legs, 22-1 = 3, and 2x2x1 = 4. This is the 
most generally useful right-angled triangle. Other 
examples: 13, 12, 5; 25, 24, 7; 17, 15, 8; 29, 21,3^...^ 
20; &c. \ 

3. Tie-iiine. — In a chained triangle, ABC, ^g, \ 
37, to find the length of a tie-line, A D. By calcu- \ 
lation, \ 

or by construction, draw the triangle and measure j..^ 87 
A D on paper. The measurement of A D on the **' 

ground is a check on the accuracy of the measurement of A B- 
BC,CA. 
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4. To HEcBMnre Oaps ia Stailoa-Iifates hj tke Chain alone. 

Case I. — When tlie dbsUule can he chained round, 
BuLE I. (see fig. 37.) — A and D being marks in the station- 
line at the nearer and further sides of the obstacle, set out a triangle, 
A B C, of any form and size that will conveniently enclose the 
obstacle, subject only to the conditions, that B and C 
are to be ranged in one straight line with D, and that 
the angles at B and C are neither to be very acute 
nor very obtuse. Measure with the chain the lengths 
A B, AC, B D, DC, and find the length of A D as a 
tie-line (Article 3.) 

BuLE 11. (see ^g, 38.) — Let A and D be marks at the 

\ nearer and fui-ther sides of the obstacle respectively. 

Bange A B, D C at right angles to the station-line; 

^ make those perpendiculars equal to each other, and of 

Fig. 88. ^^7 length that may be requisite in order to chain past 

the obstacle along B C, which will be parallel and equal 

to A D, the distance required. 

BuLE III. (see ^g. 39.) — ^Let h and c be 
points in the station-line at the nearer and 
j^n further side ofthe obstacle respectively. From. 
■"Ss. A .-'^'*\ * convenient station, A, chain the lines A 6, 
V^^-^^ \ Acy being two sides of the triangle Abe: 
Ha ^^v^ connect those lines by a line, BC, in any 

^"position which will form a well-conditioned 
triangle, ABC, of as large a size as is 
practicable : measure its three sides. Then 
Fig. 89. the inaccessible distance is given by the 

formula, 

h. X //a 72^ A 2 (A6-4-Ac)2-(A6-Ac)2 
^^=V{^^-^^^ (AB-hAC)^-(AB-AC)^' 

(AB2 + AC2 - BC2). I 

The same formula applies to such positions of the connecting line 
as B' C" and B" C" as well as to B C. 

If A B and A C can be laid off so as to be respectively propor- 
tional to A 6 and A c, the triangles ABC and Abe become 
similar, BC is paiuUel to &c, and the inaccessible distance is 
simply 

In this method, as well as in the two preceding, the inaeoessible 
distance may be found by plotting. 

Case II. — When it is impossible to chain round tJte obstacle. 
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I 



V» 



Fig. 40. 



Rule IV. (see fig. 40.) — ^Let b and c be marks 
in the station-line at the nearer and further side 
of the gap respectively. On the nearer side of the 
obstacle, range the stations A and B in a straight 
line with c, making the angle bcB greater than 
30°, and place them so that the intersecting lines 
Ad, B a, connecting them with two points, a and 
b, in the station-line, shall form a pair of triangles, 
a 6 C, A B C, with no angle less than 30°. Mea- 
sure the sides of those triangles, and compute the 
inaccessible distance 6 c as follows : 

ab'Ab'BC 
^^'"CAaB— A6BCr 

As a check upon the position thus found for the point c, com- 
pute also the inaccessible distance B c as follows : 

„ AB-ttB'6C 

^^-CaAb—aBbC 

This problem is solved graphically by plotting the figure ab 
c A B C a, and producing a b and A B till they intersect in c. 

Rule V. (see ^. 41.) — ^When the inaccessible 
distance BD does not much exceed three or four 
chains. At B set out BC perpendicular to the 
station-line, and of a length such as to make the 
angle at D not less than 30°. At range CA 
perpendicular to C D, cutting the station-line in A. 
Measure A B, B ; then 



BD = 



BC2 
AB- 




Fig. 41. 



When angular instruments ara used, a gap in a station-line is 
measured by making it one side of a triangle, of which the angles 
and another side are given. 

5. measuring Areas of i«and. — ^Almost all areas of land are made 
up of parallelograms, trapezoids, and triangles (see Rules at page 
63), with the addition or subtraction of strips contained between 
stmight station-lines and irregular boundaries (see Rules for " Any 
Plane Area/' pp. 64 to 67.) For Land Measures, see p. 95. 

6. Beferences to Rules of Trigonometrf. — ^The following are the 

roles of trigonometry chiefly used in surveying by angles :— 

For Plane Triamgles; 1, 2, page 53 ; and sometimes 3 and 4, 
pp. 53, 54; and 6, page 55, 

For Triangles so large as to be sensibly spliericdl; the rule for 
spherical excess, page 55; and the approximate rules, 
page 58. 
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The three angles of every triangle should be measnrod, if possible, 
4IS a check upon accuracy. 

7. Bcdncy«M mt JLnglea te tke Ccatre «f the B toti ^ m . — ^When the 

theodolite cannot be planted exactly at a 
station in a trigonometrical survey, but 
has to be placed at a short distance to one 
side of it, the angle actually measured 
between two objects is reduced to the angle 
which would have been measured had the 
theodolite been exactly at the station, by a 
correction "which is calculated approxi- 
pj- 42. mately as follows : — 

In fig. 42, let C be the station, D the 
position of the theodolite, A and B two objects; A D B the hori- 
zontal angle between them as measured at D; A C B the required 
borizontal angle at the station C. 

Measure C D, and the angle ADC; calculate A C and C B 
approximately as if A C B were equal to A D B; then 

ACB = ADB-206264".8Cd{?2^_^£|»CJ 

The above formula gives the correction in seconds when D lies 
to the right of both C A and C B. When it lies to the left of 
C B, sin B D C changes its sign; when to the left of C A, sin 
ADC changes its sign. 

8. Reduction of Sextan^Angles to the liercl. — To find with a 

reflecting instrument the horizontal angle between two objects that 
are not at the same level with ihe observer's eye. For an approxi- 
mate method, set up a vertical pole in a line with each object, and 
measure the horizontal angle between the poles. For an accurate 
method, measure the angle between the objects themselves, and to 
take also the angle of altitude or depression of each. Find the 
zenith distance of each object by subtracting its altitude from, or 
adding its depression to, 90^ 

In ^g. 43, let O represent the observer's station; O B, O C the 
^ directions of the objects; BOC the angle between 

them ; O D E a horizontal plane; DOB and E O C 
the altitudes of the objects; O A a vertical line, and 
A D E a spherical surface. 

Then, in the spherical triangle ABC, the three 
sides are given — viz., A B and A C, the zenith dis- 
tances, and B C, the angle between the objects; and 
the horizontal projection of that angle, being equal 
to the angle A, may be computed by the proper formula. (See 
page 57.) 
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9. Peii tmimiwKg^muiiiamm iftflMi. — ^In fig. 4i, let D be the station 
afloat whose position is to be determined; and A, B, C, three 
known fixed objects, or iandmarks, which 
ought not to be in or vemc the circnmlerenoe 
of one circle traversing I>. With a sextant 
(or, better still, with two sextants) measure 
the angles A D B, 3^ D ; if insacticable also, 
with a third sextant, measure the angle 
ADC=ADB + BDC, asa check on the 
accuracy of those angles. Then to plot the 
position of D, let A, .B, and be shown on 
the plan. From A dnirw A E, making the 
angle C A E = C D B: from C «h»w C E, 
mt^ng the an^ A C E = A D B, and cutting A E in E : 
throngh the time |)ointe A, C, E describe a circle : through E 
and B draw a straight line cutting the circle in D ; D will be the 
required station on the plaxi. 

Or otkeridse,— On a piece of tracing paper draw three straight 
lines radiating from one point, so as to make with each other 
angles equal to A D B and B D 0. Lay it on the plan, and 
shift it about till the three lines traverse A, B, and C respectively; 
the point from which they diverge being pricked through on the 
plan, will give the position of D. 

In the instrument called the station'pointer, three straight arms 
turning about one centre, and set to make any given angles with 
each other by means of a graduated arc, answer the purpose of the 
three lines on the tracing paper. 



Section IV. — Eules belatikg to LEVELiiNa and Soxtnding. 

1. €]«ncction for Carratnre and llerractioii. — ^The correction for 

the earth's curvature, to be subtracted from the reading of a 
leveUing-stafi*, is found as follows : Divide the square of the dis- 
tance from the level to the staff by the earth's diameter (41,800,000 
feet nearly, or 12,740,000 metres nearly). 

Or otherwise, — Take two-thirds of the square of the distance in 
statute miles for the correction in feet. 

The correction for refraction, to be added to the reading, is very 
variable and uncertain. On an average it may be .taken at 0n»- 
sixtJh of the correction for curvature. 

Correction for curvature and re&action combined, to be sid)tra,cted 

from the reading on the staff, — average value about 

5 Distance 
= = 0'56 foot X (distance in statute miles)^. 

6* Earth's diam. ^ ' 

2. liCvcUiBg by AnglMh — ^This process is approximate only. 
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Rule L — Find the distanoe between the two objects whose 
difference of level is required. 

Measure the angle of altitude of the higher object as seen fit>ni 
the lower, and (at the same instant, if possible) the angle of depres- 
sion of the lower object as seen from the higher. (These are (billed 
reciprocal angles,) Take the half sum of those angles, and by its 
tangent multiply the horizontal distanoe between the objects : the 
product will be their difference of leveL 

KuLE IL — When one angle only can be taken, it must be cor- 
rected for curvature and refraction. The correction for curvature 
to be added to altitudes aod subtracted from depressions is one- 
half of the contained a/rc; which corUavned a/rc is computed, in 
minutes, by dividing the horizontal distance, if in feet, by 6,076, or, 
if in metres, by 1,852. The correction for refraction is uncertain ; 
but on an average it may be allowed for by diminishing the correc- 
tion for curvature by one-siodth of its amount. 

3. liereiUng hj the Barwaicter. (Approximate only). — Let the 
quantities observed be denoted as follows : — 

Temper a Uire e of the 

Heights Mercory, by Air, by 

Stationa. of Mercurial ** attached" "detached** 

colnmxL Thermometer. Thermometer. 

Higher, h t t' 

Lower, H T T'. 

Then, height of the higher station above the lower, for feet and 
Tahrenheit's scale, 

= 60360 |log. H — log. ^—-000044 (T— <)}.(l + — ^^^^); 

and for metres and the Centigrade scale, 

= 18400 1 log. H— log. A-,.00008(T — } -(l +^j^. 

Common logarithms are used in both formulse. (See page 303.) 

In the absence of logarithms, for heights not exceeding about 
3,000 feet, or 1,000 metres, correct the mercurial column at the 
higher station as follows ; — 

difference of level for feet and Fahrenheit's scale, 

and for metres and the Centigrade scale, 
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4. Ijertinm^ hj the B«illi4MP«tet •€ Para Water. — ^Let boiling- 

point =: T. Calculate z as follows : for feet and FahreDheit*s scale, 

z = 517 (212^ — T) + (212^ — T)*; 

or for metres and the centigrade scale, 

« = 284 (100° — T) + (100° — T)2; 

the difference of the values of z at two stations will be their 
difference of level, nearly. 

5, Redaction of SoandingB. — ^Take the difference between each 
sounding and the height of the sur£Bu;e of the water above the 
datum of the survey at the instant when the sounding was made, 
as found by a tide register. According as the sounding is the 

{«^'},thatdifferencei3the{J^J,}ofthebottom{J^-} 

the datum. 

In the absence of direct observations of the tide, the height of 
the sur£BU)e of the water above the datum may be calctdated approxi- 
mately as follows : — Divide the time before or after high water at 
which the sounding was taken by the whole duration of the rise or 
&11 of the tide, and multiply the quotient by 180^; this gives the 
tidal cmgle. Multiply the cosine of the tidal angle by half the 

total rise of the tide j the product is to be 1 8^l,^^^*°fro^^ } the 

height of the mean tide-level above the datum, according as the 

tidalangleis {^^^|. (See page 53, line 2.) 

Duration of the rise or fall of tide on an open coast, about 6h. 
12in. In narrow channels the duration of the rise is less, and that 
of the £all greater. 

Section Y. — ^Rules belating to Setting Out. 



1. Setttag Oat Ceatra lilaes of Ballwaf Carres. 

Kule I. (see fig. 45). — To ^ 

find the radius of a circular ^^''^^ 

arc which shall touch succes- ^ ^^''' 

sively three given straight lines, ^^^7i::r=a*i 

BD, D E, EC. Measure the nx^'" 
middle straight line D E, and ^^ 
the acute angles at D and E. 
Then Fig. 45. 



tan-g+tan^V 
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Bulk IL— To find the pointsof OHitact, B, F, C. 

DB = Dr = radiusxtaii-3:j EF = EC = radiusxtan-^. 

BuLE III.— To calculate the lengths of the area B E and F C. 

B F = radius x cireolar measure of D. . 
F C = radius x circular measure of £. 
(Circular measure = an^ in minutes x 0*0002009 

= angle in degrees x 0*017453; 
see also pages 39 and 41.) 

BuLE lY.— To calculate the angle subtended at any station in 
the circumference of a circle by an arc of that circle of a given, 
length; divide the length of the arc by the radius, and multiply 
the quotient by 1718*873; the prodnct -will be the angle at the 
circumference in minutes : or, otherwise, convert the quotient into 
minutes of angle at the centre, by Table 4 K, page 39, and divide 
by 2 for the angle at the circumference. 

If the station is at one end of the arc, the angle in question is 
that between the tangent and the chord of the arc. 

BuuL Y. — To calculate approximately the chord of an arc of a 

given length in a circle of a 
given radius; from the length 
of the arc subtract the cube 
of that length, divided by 24 
times the square of the radius. 
BuLE YL — To set out a 

/L///^ circular curve of a. given 

^^^ radius touching two given 

-^^ straight lines in given points, 

B,C, fig. 46. 

It is convenient (though not 
I^; 4j8^ always necessary) to find the 

mid^e point of the curve. 
For that purpose, range, by means of the theodolite, the line A D 
bisecting the angle at A, where the tangents intersect; and lay off 
the distance,-^ 

A D = r • f coseo -g*— M \ 

then will D be the middle point of the curve. 

The points B and C (and also D, if marked) should be marked 
by stakes, distinguished iu some way from the ordinary stakes^ 
which are driven all along the centre line of the proposed railway 
at equal distances of one chain, or 100 feet, or some other uniform 
distance. 
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Any one of the points B> C, or D will answer as a station for 
the theodolite in ranging the ciirva When the length of the curve 
exceeds about half a mile, the middle point, D, is the best station 
as regards accuracy and convenience. 

The following is the process of ranging the curve with the theo- 
dolite planted at its commencemait, B : — 

For brevity's sake, the distance between the stakes which mark 
the centre line of the proposed railway will be called " a chain,'* 
whether it is 66 feet, 100 feet, or a greaier distauce. 

Let o, in fig. 46, represent the last stake in the portion of the 
straight line immediately preceding the curve; the distance B 1 
fnxn the commencement of the curve to the first stake in it will be 
the dijQTerence between one chain and o B. The angle at the cir- 
cumference subtended by the arc B 1 having been calculated by 
Rule IV., is to be laid off by the theodolite from the tangent 
B A, the zero-point of azimuth being directed towards A. The 
line of coUimation will then point in the proper direction for 
the first stake in the curve, 1 ; and its proper distance from B 
being laid off by means of the chain, its position will be deter- 
mined at once. 

The angles at the circumference subtended by B 1 + 1 chain, 
B 1 + 2 chains, B 1 + 3 chains, <ba, being also calculated and laid 
off from the tangent B A in succession, will respectively give the 
proper directions for the ensuing stakes, 2, 3, 4, (fee, which are 
at the same time to be placed successively at iinifonn distances of 
one chain by means of the chain. 

The difference between an arc of one chain and its chord, on any 
curve which usually occurs on railways, is in general too small to 
cause any perceptible error in practice, even in a very long 
distance; but should curves occur of unusually short radii, calcu- 
late the proper chord by Bille Y., and set it off from each stake 
to the next, instead of one chain, the length of the arc. 

When the curve is ranged with the theodolite at D, or at any 
other intermediate ix>int in the curve, or at its termination, C, the 
process is precisely the same, except that the zero-point of azimuth 
is to be turned towards B instead of A ; and that when the chain 
passes the theodolite station (for example, in going from stake 4 
to stake 5 in ^g, 49, with the theodolite at D), the telescope is to 
be turned completely over. 

When the inequalities of the ground make it impossible to range 
the entire curve from the stations B, D, and C, any stake which has 
ah'eady been placed in a commanding position will answer as a 
station for the theodolite. 

The stakes or poles, after having been ranged by the theodolite, 
should have their positions finally checked and adjusted by the 
BWthod of offiieta^ for which see page 137. 
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KuLE VII. (see fig. 47). — To set out a drcular curve of a given 
radius, r, touching two given straight lines, AB, AC, when the 
^ point of intersection of those lines, A, is 

inaccessible. 

Chain a straight line, D E, upon acces- 
sible ground, so as to connect the two 
tangents. The position of the transverstd 
D £ is arbitrary; but it is convenient so 
to place it that it will cut the proposed 
Fie 47 ^ curve in two points, which may be deter- 

mined, and used as theodolite stations. 
Measure the angles A D E, A E D, which may be denoted by 
D and K Then the angle at A is 

A = 180*' — D-E; 

AT^ T^-raSinE ._, Tx-riSinD 
AD = BE'-^—r-; AE = DE' .— r-; 

smA smA 

A A 

DB = r-cotan-^ — AD; EC = r -cotan -^ — AE; 

and by laying off the distances D B and E C as thus calculated, the 
ends of the curve B and C are marked, and it can be ranged from 
either of those stations as in Bule YI. 

But it is often convenient to have intermediate points in the 
curve for theodolite stations; and of those the points of intersec- 
tion with the transversal H and K, and the point G, midway 
between these, can be found by the following calculations, in mak- 
ing which a table of squares is useful (page 11) : — 

Let F be the point on the transversal, midway between H and K. 

If BD = C E, the point F is at the middle of D E. If BD and 
C E are unequal, let B D be the greater; then the position of E is 
given by either of the two following formulae : — 

_-, DE , BD2-CEB -,T^ DE BD2-CE2. 
DE = ^--h 2DE~"^ ^^= 2 2DE 

The points H and K are at equal distances on each side of F^ 
given by the following formula : — 

FH = FK= J(DF2-BD2)= ^(EF2-CE2). 

The point Q in the curve is found by setting off the ordinate 
F G perpendicular to D E, of the following length : — 

FG = r- V'-^-FRa. 

The angles subtended at the cerUre of the curve bv the several 
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aics between the oommenoement B and the points H, G, K, C, are 
us follows : — 

F H ' 

Angle subtended at the centre by B H = D — arc 'sin . 

— — — — Ba = D; 

FH 

— — — — BK:=D + aro'sin : 

r 

— — — — BC=D + Ej 

and the length of any one of those arcs may be computed by means 
of Kule III. 

KuLE VIII. — ^To set out a circular curve touching two given 
straight lines, when part of the curve is inaccessible to the 
chain. 

If the point of intersection of the tangents is accessible, the two 
ends of the curve are to be determined and marked as in Bule I., 
and also the middle point of the curve, unless it lies on the 
inaccessible ground ; and the length of the curve is to be computed 
by Rule III. 

If the point of intersection of the tangents is inaccessible, the 
two ends of the curve, and at least one intermediate point, are to 
be determined and marked by the aid of a transversal, as in Eule 
YII., and the lengths of the arcs bounded by those points are to 
be computed. 

A transversal may be useful even when the point of intersection 
of the tangents is accessible. 

Each of the points thus marked will serve either as a theodolite 
station, or as a station to chain from, or for both purposes; and the 
stakes lying between the obstacle and the next station beyond it 
are to be planted by chaining backwards from that station. 

Rule IX. — ^To set out a circular curve' by ofEsets commencing at 
a given point on a straight line (fig. 48). 

Let A be the commencement of the 
curve ; A B the prolongation of the 
straight line (being a tangent to the 
curve) ; and B the end of the chain when 
laid along that prolongation from the 
last stake in the sti-aight line. Plant 
a small pole at B, calculate the offset Fig. 48. 

AC* 

BC by the formula BC = ^^ — 3^ — l shift the end of the chain, 
^ 2 radius' ' 

and the pole along with it, sideways from B to C, keeping the 

chain tight, and leave the pole at C. 

Drag the chain onward in the prolongation of A 0; range a 

pole at D in a straight line with A and C, and at one chain's dis- 
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tance from C; shift the pole and the e&d of the diain th goo gh tiie 

offset D E, calculated by the formula, D E = ^^'"f^ . 

"^ 2 radius 

Drag the chain onward; range a pole at F in a straight line 

with C and E, and at one chain's distance from. E; shift the pole 

and the end of the chain through the offset F G, calculated by the 

formula F G = —r: — ; leave the pole at G, and repeat the same 

pi*ocess for the rest of the curve. 

This method is clumsy and tedious as a means of ranging curves ; 
but it is very useful for testing the uniformity of curvature of 
curves already ranged, and for rectifying the positions of individual 
stakes to the extent of an inch or two. 

KuLE X. — To set out a circular curve by successive bisections 
of arcs. 

This is a method to be used only in the absence of angular 
insti-umenta It depends on the following relation between thd 
versed sins of an angle B and that of its half: 



= 1 - Vi - 



«.^,«>;» -^ 1 ^ /, versin B 
▼eiBin-^ 



To apply this principle, let 
B A, C A, in ^ 49, be the two 
tangents, and B and G the ends 
of the curve, so placed that A B 
and A C shall be equal, but 
leaving the radius to be found by 
^" * calculation. Meajniie the chord 

BC. 

To find the radiuS|. bisect B G in E, measure A E,. and make 

ABBE 




radius =s 



AE 



Calculate the versed sine of the angle A B E =: B, which is that 
mibtended at the centre by one-half of the curve, as follows : — 

. _ AB-BE 

versm B = 7--i5 ; 

AB ' 

and by means of the first fonmda of the rule (using a table of 

T> T> "D 

squares, if one is at hand) calculate the versed sines of •^, —, -^, 
&c,, in succession, observing that versin B enables one inteEmediate 
point in the curve to be found, versin q, three points, vefsin ^^ 



BAiraiNG CUBYES. 139 

seven points; and generally, that versin -^^ enables 2* +i — 1 in- 

terraediste points in the ctirye to h» found. 

From the middle, E, of the chord B C, and perpendtcular to it, 
lay off the ofi&et E D = r yersin B; D will be the middle point of 
tiie curve. 

Chain and bisect the chords B D, D C, and from their middle 
points, and perp^adicnlar to them, lay off the offiets 

■p 
H K = I L = r versin -^; 

K and L will be points in the curve,- midway respectively between 
B and D, and between D and C ; and so on until a sufficient 
number of points have been marked by poles. 

Then chain round the curve aa ranged by the poles, and drive 
stakes at equal distances apart. 

The uniformity of the curvature may be finally checked by 
Rule IX. 

2. Cant of Ralls of a Onrre. — ^Divide the square of the greatest 
ordinary speed of a train by the radius of the curve, and by a 
divisor whose values are as follows : — 

For speed in feet per second and radius in feet, 32; 

!Por speed in miles per hour and radius in feet, 15 ; 

For speed in metres per second and radius in metres, 9*8. 

Multiply the quotient by the gauge of the rails; the product will 
be the cant required, in the same sort of measure with the gauge. 

Ft In. MetTM. 

British narrow gauge, 4 8^ — 1*435 
British broad gauge, 7 = 2134 
Irish gauge, . . 5 3 = 1*600 

HJalf of the cant sfaould be given by raising the outer rail above the 
level of the centra line, and half by depressing the inner xaiL 
Examples of cant in fleet for 40 miles an hour: — 

Ft. IxL 

4 8^ ...« 500 -h radius in feet 

5 3 ••• 560 -7- radius in feet. 
7 Q ... 747 -h radius in feet 

Additional cant for cylindrical wheels at speeds not exceeding 12 
miles an hour, 600 feet -f- radius in feet. 

3. Vo Mmmm Chancm of Cnrvatare (Froude^S Method). 

Begin by ranging the centre line as a series of straight lines and 
circular arcs, by the rules of Article 1 of this Section. Calculate 
the cant of each curve by the rule of Article 2. 
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Rule I. — Compute the several changes of cant at the junctions 
of curves with straight lines and with each other, observing that 
the change of cant between a straight line and a curve is simply 
the cant of the curve ; that if two adjacent curves are curved in 
the same direction, the change is the difference of cant; and that if 
they are curved in reverse directions, the change is the sum of the 
two cants. 

Multiply the greatest change o/caTU by 300; the product will be 
the length of the cwve of (tdjustment 

BuLE II. — Compute, for each circular arc of the series, the shift 
as follows : — 

Shift = (length of curve of adjustment)' h- 24 radius. 

Then shift the poles by which a given circular arc is marked 
inwards (that is, towards the centre of curvature of the arc) through 
the distance computed by the above formula. For example, in 
fig. 50, let A B, B C be a pair of consecutive circular arcs, marked 




Pig. 60. 



G 

•• 
C 



by poles, and joining each other at their point of contact, B. Let 
B E, B F be the sh^s proper to those two arcs respectively; afber 
all the poles have been shifted, they will mark the arcs D £, F G, 
having a gap between them at £ F, equal to the sum of the two 
shifts, if the arcs are curved in reverse directions, or the difference 
of the shifts, if the arcs are curved in the same direction. Straight 
lines are not to be shifted; so that where a curve joins a straight 
line, the gap is simply the shift of the curve. 

Rule III. — Set out the " curve ofadjtistment " I H K as follows : — 
For its middle point bisect the gap E F in H. For its ends I and 
K lay off E I and F K, each equal to half its length, as computed 
by Bule L For intermediate points in the division I H lay off 
oi*dinates at right angles from a series of points in the circular arc 
I E, proportional to the cubes of the distances from I; and for 
intermediate points in the division K H lay off ordinates at right 
angles from a series of points in the circular arc K F, proportional 
to the cubes of the distances from EL 

Let a denote the length I K of the curve of adjustment; 
hf the gap E F, or sum of the shifts; 



Formula for ordinates, y = /i i q,a\8 ^ '000,001,11 gfi. 
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Xy the distance, measured on the circular arc, of any point 
from I or from K, as the case may be; 
the ordinate; then 

46aj8 

ExAMPT.F- — ^A curve of 20 chains radius (= 1,320 feet), with 
cant suited to a speed of 40 miles an hour on a narrow gauge line, 
is to be connected with a straight line. 

Cant (see p. 139) = 500 feet -s- 1,320 = -3788 foot; 
licngth of curve of adjustment, a = -3788 x 300 = 113-6 feet; 
Shift for circular arc = (113-6)2 h- 24 x 1,320 = -407 foot; 
(Aa the arc is to join a straight line, this is also = the gap 6.) 

4 X '407 ofi 
(113-6y 

KxTLB rV. — ^To connect a circular arc and a straight line, or two 
circular arcs, which do not touch or cut each other, by means of a 
curve of adjustment. Fig. 50 Illustrates the case where two arcs 
curved in reverse directions are to be connected; fig. 51, that in 
which two arcs curved in the same direction are to be connected. 

Find the pair of points at which the arcs or lines to be con- 
nected are nearest to each other. This is best done by first finding 
two pairs of points at which the 
lines to be connected are at equal 
distances apart; the pair of points 
required will be midway between 
those two pairs of points. Let E 
and F be the pair of points thus 
found; measure the ga^ E F, then ^' • 

calculate the half -length of ike cfwrve of (zdjustment by means of the 
following formula^ in which r and f' denote the radii of the arcs to 
be connected :— - 




E 



I = FK = y {6EF.g=i=J)}; 



the sign + or — being used in the denominator, according as the 
directions of curvature are reverse or similar. If one of the lines 
to be connected is straight, 1 -^ r' is to be made = 0; so that the 
formula becomes 

EI = FK= ^6 E F • r. 

The curve of adjustment is now to be set out by ordinates, as in 
Rule IIL 

4. Breadth of FormatioB •f a Baiiwaf • — The following are ex- 
amples :-* 
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Single Line. gSST 

Ft In. 

Clear space outside of rail, 4 o 

Headofnul, o 2^ 

Gause, „ 4 Si 

Head of rail o 24 

Clear space outside of Eail,.<^.„^..... 4 o 

Least breadtli of top of T^aiOast ; and ) 

least width admissible for archways, > 13 i^ 

&c., traversed by the railway, ) 

Spaces for slopes of ballast, and ( {-qj.. , ,qi \ 

benches beyond them, on em- ^ TT i :°i { 

bankments, { ^ * '°* > 

Total breadth of top of embank- ) from 17 o { 

ments, \ to 22 o^ 



Iriiii 


Broad 


Gauge. 


Gango. 


Ft In. 


Ft. In. 


4 


4 


2i 


2i 


5 3, 


7 


24 


24 


4 


4 



13 8 



4 4 



18 o 



15 5 



9 2 



24 7 



Double Line. Narrow Wsh Broad 

-i-ixx^j:* Gauge. Gauge. Gauge. 

Ft In. Ft In. Ft In. 

Clear space outside of rail, 40 40 40 

Head of rail, 02^ o 24 o 24 

Cau^e, 4 84 53 70 

Heaaofrail, o 24 o 24 o 24 

Middle space (called the ^^six/eet") 60 60 60 

Head of rail, —... o 24 o 24 o 24 

Gauge 4 84 53 70 

Head of rail, o 24 o 24 o 24 

Clear space outside of rail, ». 40 40 4 o 

Least breadth of top of ballast; and) 

least width admissible far archways, > 24 3 2^ 4 28 10 

&c., traversed by the railway, ) 

Spaces for slopes of ballast and ( - ^ ^ » 

trenches beyond them, on em- ] ^^?J 5 9| ^ g g ^ 

bankments, ....^ ......... ( ''" ^9) 

Total breadth of top of embank- ( from 28 o ) ^ ^o 

ments, 7. { to 33 o} 30 o 38 o 

Additional width at bottoms of cuttings, from to 9 feet. 

Arches over the railway are seldom made of the minimum spam 

shown by the foregoing tables, except in the case of tunnels. Bridges 
over narrow gauge lines are usually of the following spans : 

over a single line, from 16 to 18 feet; 
over a double line, from 28 to 30 feet. 

5. Breadths of Slopes of Earthwork« — Let h denote the ceDEtnd 

depth, of the piece of earthwork, whether cutting or embankment; 
b, the half-breadth of its base, or formation; 
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M, idle Tate of slope of the earthwork; that is, a horizontal to 1 

Tertical; 
r, the rate of sidelong slope of the natural ground, if any; 

that IS, r horizontal to 1 vertical ; 
B, the required breadth of the slope of the earthwork. 

Case I. — In ground level across, B = « A. 

Case II. — In ground that slopes away from the base, 



r — « \ r/ 



Case III. — ^In ground that slopes towards the base, but without 
intersecting it; 



B=Ji±-fA-*y 

r -¥ 8 \ rj 



Case IY. — In ground that intersects the base between the centre 
line and the edge of the earthwork, 



r — B \r J 



Section YI. — Eitles eelating to Mensuration op Earth 

WORK. 

1. «eetiMMii Amm •£ iEaMh«f«ik--.Figs. 52, 53, and 54 repre- 




^■^ 




Fig. 62. Fig. 63. 

sent examples of cross-secHons of pieces of earthwork, in each of 
which D E is the base, A B the 
natural surface, and D A and E B 
are the slopes. 

Figs. 52 and 53 represent cut- 
tings ; to represent embankments, 
conceiTe them to be turned upside 

Fig. 54 represents a piece of earthwork, of which one side, 
Q E B, is in side cutting, and the other, Q I) A, in embankment 
The following are the symbols used in the rules:*- 
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Natural slope of the ground, r (horizontal) to 1 (vertical). 
Slope of the earthwork, 8 (horizontal) to 1 (vertical). 

Half-breadth of base, D F = F E = 6. 

Central depth, C F = L 

Area of cross-section, A. 

In many measurements of earthwork having sections such as 
figs. 52 and 53, it is convenient to suppose the slopes produced 
till they meet at K, and to calculate or measure the following 
quantity : — 

Augmented depth, CK = A + —= k. 

8 

To find k by direct measurement in a longitudinal section of 
earthwork, draw a line parallel to the formation line of the work, 

and at the vertical distance - below it in cuttings, or above it in 

embankments. Depths measured from that line to the surface of 
the ground will be augmented depths. 

BuLE I. — ^When the ground is level across; 

A = triangle A B K - triangle DEK = «*2 

Or othenoise,-^ 

BuLE Ia. 

A = rectangle D G H E + 2 triangle AI>G = 2bh'h shK 

BuLE II. — ^When the ground has an uniform sidelong slope, not 
intersecting the base, as in fig. 53, 

^^^ . Z.2 « ^^ 

IT — 8^ 8 



A = triangle A B K - triangle D E TL= JJ^ • F - -^. 



BuLE III. — ^To find the augmented depth in ground level across, 
of a cross-section of earthwork equal to a given cross-section in side- 
long sloping ground ; take a mean proportional between the aug- 
mented depths measured from K vertically to the two edges A and 
B respectively; that is to say, in fig. 53^ parallel to D E, draw A M 
and B P, cutting the vertical centre line in M and P; then make 

Aj'rr ^(KM-KP); 

and the area may be found by Bule I., as follows : — 

A = «^'2-.L = ».KM-KP--. 

8 8 

BxTLE lY. — ^When the ground has a sidelong slope intersecting 
the base at Q, in fig. 54. Let A' be the larger and A" the smaller 
division of the cross-section. 

A- = triangle Q E B = ^^t£^'; 
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A" = triaiigle Q D A = |^^. 

2. T«lame« or Q«iMtm«a •€ Eaitliwmrk. — ^RULB I. — When a 

series of equidistant cross-sections are given, see p. 72, Article 5; 
also the rales there referred to, A, B, 0, pages 64 to 66. 

BuLE II. — ^When the piece of earthwork to be measured is a 
^^prismoid," as shown in page 74, fig. 12, use the rule given in 
that page below the figure. 

The most simple algebraical expression of that rule, as applied to 
the present case, is as follows : — ^The prismoidal piece of earth to 
be measured is to be considered as formed by a wedge of a cross- 
section such as A B K in fig. 52 or fig. 53, from which is taken 
awaj a wedge of uniform cross-section such as D E K. 

Let X denote the length of the piece of earth ; k^ and h^ the 
values of the av^gmenied depth C K at its two ends; then. 

Volume = »• I gp47)*(*^ + (^+ *2)* + «)-7/ 

-^ \W^r^ \ — 4 — + 12 ) Ti 

The last formula is specially suited for calculation by the aid of 
a table of squares. 

When the ground is level across, the co-efficient of the first term 
becomes simply = 8. 

The quantity in brackets by which the length x is multiplied is 
the mean sectional aaea. 

If the measurements are in feet, the preceding rules give 
quantities in cubic feet. To reduce these to cubic yards divide 
by 3» == 27. 

Rule III. — ^When earthwork on sidelong ground occurs on a 
sharp curve. By the rules of pages 142, 143, calculate the half- 
breadths (A L, B N, fig. 53) required for the two slopes; take 
iheir difference, and divide it by three times the radius of the curve ; 
the quotient is to be added to or subtracted from 1, according as 
the greater half-breadth lies from or towards the centre of the 
curve. The result will be a factor by which the area A B K in 
fig. 53 — ^that is, the first of the two terms of the formula in Rule IL, 
page 144 — is to be mtdtiplied. From the product subtract the area 
I> £ K; the remainder will be an area modified for curvature; 
then proceed as in Rule L of this Article. 
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PAET IV. 

KXJLES AND TABLES RELATING TO DISTRIBI7TED 
FORCES AND MECHANICAL CENTRES. 

1. Specific GmtIit (as stated at page 102) is the ratio of the 
weight of a given bulk of a given substance to the weight of the 
same bulk of pure water at a standard temperature. In Britain 
the standard temperature is 62® Fahr. = 16° -67 Cent. In France 
it is the temperature of the maximum density of water = 3°'94r 
Cent. = SQ'^-l Fahr. 

In rising from 39®-l Fahr. to 62° Fahr., pure water expands in 
the ratio of I'OOlllS to 1; but that difference is of no consequence 
in calculations of specific gravity for engineering purposes. 

Rule I. — ^To find the specific gravity of a solid body that is 
heavier than water approximately, by experiment Weigh it in 
air, and again weigh it immersed in pure water. Divide the 
weight in air by the loss of weight when immersed (or buaycmcif)^ 
the quotient will be the specific gravity. 

Rule II. — ^When the body is lighter than water, weigh it in 
air; then load it with a piece of a substance heavier than water, 
and large enough to make the light body sink, and weigh them in 
water together. Also weigh the heavy body sepai'ately, in air and 
in water. Subtract the buoyancy of the heavy body from the 
buoyancy of the two bodies together; the remainder will be the 
buoyancy of the light body separately; by which its weight in air 
is to be divided as before. 

Rule III. — To find approximately the specific gravity of a 
liquid ; weigh some convenient solid body in air, in pure water, 
and in the given liquid; divide the buoyancy or loss of weight in 
the given liquid by the baoyancy in water; the quotient will be 
the required specific gravity. 

Rule IV. — To find approximately the specific gravity of a solid 
body that is soluble in water; ascertain its buoyancy in some liquid 
which does not dissolve it, and whose specific gravity is known ; 
divide the weight in air by the buoyancy in that liquid, and 
multiply the quotient by the specific gravity of the liquid. 

The approximate character of all those rules arises from their 
not taking account of the buoyancy due to the pressure of the air, 
whether on the body weighed or on the weights ; but for ordinary 
Didactical purposes the error so occasioned is immaterial. 
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2. The HcariBCM of any substanoe (as stated at page 102) is the 
weight of an unit of volume of it in units of weight 

In British measures heaviness is most conveniently expressed in 
lbs. a/voirdupais to the cubic foot; in French measures, in JdUh 
grammes to the cubic dedm^e. 

Rule Y. — Given, the specific gravity of a substance; to find its 
heaviness; multiply by the heaviness of water, 

(In British measures 62*4 lbs. to the cubic foot is near enough 
for practical purposes; in French measures no calculation is 
needed, heaviness and epecific gravity being identical.) 

3. The l^ensUf of a substance is either the number of units of 
mass in an unit of volume (see page 104), in which case it is equal 
to the heaviness,— or the ratio of the mass of a given volume of 
the substance to the mass of an equal volume of water, in which 
case it is equal to the specific gravity. 

In its application to gases the term " Density" is often used to 
denote the ratio of the heaviness of a given gas to that of air, at 
the same temperature and pressure. 

4. The BaikincM of a substance is the mmiber of units of volume 
which an unit of weight fills; and is the reciprocal of tlie heaviness, 
(See Table of Heciprocals, page 11.) 

In British measures bulkiuess is most conveniently expressed in 
cubic feet to tlie lb, avoirdupois; in French measures, in cubic deci- 
fnetres to the kilogra/nvme. 

Rule VI. — Given, the specific gravity of a substance ; to find 
its bulkiness ; divide the bulkiness of pure water by the specific 
gravity of the given substance. 

(In British measures 0*01602 cubic foot of pure water to the lb. 
is near enough for practical purposes; in French measures the 
bulkiness of pure water is 1.) 

5. Effect of Heat en BaikiaeMu— Rise of temperature produces 
(with certain exceptions) increase of bulkiness. 

Rule VIL (For perfect gases). — Given, the bulkiness of a 
perfect gas at the temperature of melting ice; to find its bulkiness 
under the same pressure at any other temperature; multiply by 
the given temperature, as reckoned from the ahsoktJte zero (see page 
105), and divide by the absolute temperature of melting ice (274° 
Cent = 493°-2 Fahr.) 

Rule VIII. (Approximate rule for water). — Divide the given 
temperature by 500° Fahr. or 278° Cent.; divide 500° Fahr. or 
278° Cent, by the given absolute temperature ; multiply the half- 
sum of the quotients by the least bulkiness of water (0 '01 602 cubic 
fieet to the lb., or 1 cubic decimetre to the kilogramme); the product 
will be the required bulkiness nearly enough for practical purposes. 

Example. — Given, temperature on common scale, 212° Fahr.; 
that is. 212° + 46r-2 = 673°2 Fahr., absolute. 
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1/673-2 500 \ -^.^ ^. . ,. , XV vii- 

2 V 500 "*" fiTQ.o J ~ 1*04d, ratio in which the bulkiness is 

increased (the exact xatio is 1*04775^ so that the error is about 

-V 

4ooy' 

0-01602 X 1-045 = 0-01675 cubic foot to the lb.; bulkiness 

required, nearly 

62-425 

= 59-7 lbs. to the cubic foot; corresi)onding heayiness, 

nearly. 

The following are the rates of expansion in bulk, in rising from 
the freezing point (0° Cent or 32° Fahr.) to the boiling point (100' 
Cent, or 212° Fahr.) of some materials : — 

Perfect gases, 0-365 

Air at ordinary pressures, 0-366 

Pure water, 0'04775 

Sea-water, ordinary^ 0*05 

Spirit of wine, 0-1112 

Mercmy, 0-018153 

Oil, linseed and olive, 0-08 

Brass, 0*0065 

Bronze, 0-0054 

Copper, 0-0055 

Cast iron, 0*0033 

Wrought iron and steel, 0-0036 

Lead, 0-0057 

Tin, 0-0066 

Zinc, 0*0058 

Brick, common, o'oio6 

„ fire, 0*0015 

Cement, 0-0042 

Glass (average), 0*0027 

Slate, 0-0031 



6. BCect ef PreMare •■ BnlklMeM of Perfect Gases.— Given, the 

bulkiness of a perfect gas at a given temperature and under the 
absolute pressure of one atmosphere; to find the bulkiness at 
the same temperatm-e under any other pressure; divide by the 
absolute pressure in atmospheres (see page 115). 

7. BjcpianaUon of the Tables.— Table L is a general table of 
heaviness in lbs. to the cubic foot for gases, liquids, and solids, and 
of specific gravity for liquids and solids. Table II. gives the 

heaviness of earth in lbs. to the cubic foot and to the cubic yard. 
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Table III. gives the heaviness of various kinds of rock in lbs. to 
the cubic foot, and to the cubic yard; and the bulkiness in cubic 
feet to the ton. Table I Y. gives, for various metals, the weights of 
a cubic inch (column A) ; of a bar a foot long and an inch square 
(column C); of a round rod a foot long and an inch diameter 
(column B) ; of a plate a foot square and an inch thick (column D) ; 
of a cubic foot (column E); and of a sphere one inch in diameter 
(column F). To find the weight of one foot of a round rod of 
a diameter given in inches; multiply the number in column B by 
the square of the diameter. For the weight of a foot of a cylin- 
drical tube, multiply the number in column B by the difference of 
the squares of the outside and inside diameters. For the weight 
of a solid sphere, multiply the number in column F by the cube of 
the diameter. For the weight of a hollow sphere, multiply the 
same number by the difference of the cubes of the outside and 
inside diameters. 



I. — General Table of Heaviness and Specific Gravett. 

Wd^t of a oaUo 
foot in 

Gases, at 32° Fahr., and under one atmosphere: ^^ avoirdupoifc 

Air, 0*080728 

Carbonic acid, 0*12344 

Hydrogen, 0*005592 

Oxygen, 0*089256 

Nitrogen, 0*078596 

Steam (ideal), 0*05022 

^ther vapour (ideal), 0*2093 

Bisulphuret-of-carbon vapour (ideal), 0*2137 

Olefiantgas, 0*0795 

Liquids at 32** Fahr. (except Water, weight of a cuWo spedflo 

•1 . , • i ^ . -r-i i \ root in grayity, 

which IS taken at 39''*l Fahr.) : Vba. avoirdupoli. pore water = L 

Water, pure, at 39°*i, 62*425 i*ooo 

„ sea, ordinary, 64*05 1*026 

Alcohol, pure, 49'38 0*791 

„ proof spirit, S7*i8 0*916 

-ffither, 44*70 0716 

Mercury, 848*75 13*596 

Naphtha, 52*94 0*848 

Oil, linseed, 58*68 0*940 

w olive, 57*12 0*915 

„ whale, 57*62 0*923 

„ of turpentine, 54*3i 0*870 

Petroleum, 54*8i 0*878 
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Weight of a eaUo Spedflo 

footia gimvlty, 

lbs. avoirdnpolfl. pnre water = 1. 

SouD Mineral SxTBsrrAKCESf, non-metallic : 

Basalt, ^ i87'3 3*00 

Bricky 125 to 135 2 to 2*167 

Brickwork, iia i'8 

Chalk, 117 to 174 1-87 to 278 

Clay, 120 1*92 

Coal, anthracite, 100 1*602 

„ bituminous, 77*4^089*9 1*24^1*44 

Coke, 62*43 to 103*6 1*00 to 1*66 

Feh^r, 162*3 2*6 

Flint, 164-2 2*63 

Glass, crown, average, 156 2*5 

>, flint, „ 187 .3*0 

„ green, „ 169 2*7 

„ plate, „ 169 27 

Gcanite, 164 to 172 2*63 to 2*76 

Gypsum, 143-6 2*3 

Limestone (including marble), 169 to 175 2*7 to 2*8 

„ magnesian, 178 2*86 

Starl, 100 to 119 1*6 to 1*9 

Masonry, 116 to 144 1*85 to 2*3 

Mortar, 109 1*75 

Mud, 102 1*63 

Quartz, 165 2*65 

Sand (damp), 118 1*9 

„ (dry), 88*6 1*42 

Sandstone, average, 144 2*3 

„ various kinds, 130 to 157 2*08 to 2*52 

Shale, 162 2*6 

Slate, 175 to 181 2*8 to 2*9 

Trap, 170 272 

Metals, solid : 

Brass, cast, 487 to 524*4 7*8 to 8*4 

» wire, 533 8*54 

Bronze, 524 8*4 

Copper, cast, 537 8*6 

„ sheet, 549 8*8 

„ hammered, 556 8*9 

Crold, 1186 to 1224 19 to 19*6 

Iron, cast, various, 434 to 456 6*95 to 7*3 

„ average, 444 7*11 

Iron, wrought, various, 474 to 487 7*6 to 7*8 
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Weight of a oabio Gpeelflo 

foot in gravity, 

Ibi. aTolrdnpolB. para irftt«r s I. 

Metals, solid, — coniimied, 

JxcaXy wroughti wrenige, - 480 7*69 

Lead, 719 11*4 

Platinum, 1311 to 1373 9i to 23 

Silver, ^ 655 105 

Steel, 487 to 493 7'6 to 79 

Tin, 456 to 468 7-3 to 75 

Zinc, 434 to 449 6*8 to 7*2 



Timber : • 

Ash, .^ 47 0753 

Bamboo, 25 0*4 

Beech, 43 0*69 

Birch, 44*4 0711 

Blue-Gum, 52'S ©'843 

Box, 60 0*96 

Bullet-tree, 65*3 1*046 

Cabacalli, 56*2 0*9 

Cedar of Lebanon, 30*4 0*486 

Chestnut, 33-4 0-535 

Cowrie, 36*2 ©'579 

Ebony, West Lidian, 74*5 3[ 'i 93 

' Elm, 34 0-544 

Fir: Bed Pine, 30 to 44 0*48 to 07 

„ Spruce, 30 to 44 0*48 to 07 

„ American Yellow Pine,., 29 0*46 

„ Larch, 31 to 35 0-5 to 0-56 

' Oreenheart, ^ 62*5 1*001 

Hawthorn, 57 0*91 

Hazel, 54 0*86 

Holly, 47 076 

Hornbeam, 47 0*76 

Laburnum, 57 0*92 

Laneewood, 421063 0*675101*01 

Larch. See "Fir." 

Lignum-Yitse, 41 to 83 0*65 to 1*33 

Locust, 44 0*71 

Mahogany, Honduras, 35 0*56 

„ Spanish, 53 085 

Maple, 49 0*79 

Mora, 57 0*92 



* The Timber in every case isflnppoaed to he diy* 
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Weight of ft <mUo Spedflo 

foot in gravity, 

Ibi. aTolrdupoii. pai e water = 1. 

TofBEB, — wnXimv/ed. 

Oak, European, 43 to 62 0*69 to 0*99 

„ AmericaD, Bed, 54 0*87 

Poon, 36 0*58 

Saul, 60 0*96 

Sycamore, 37 0-59 

TeaJk:, Indian, 41 to 55 0*66 to 0-88 

„ African, 61 0-98 

Tonka, 62 to ^^ 0*99 to i'o6 

Water-Gum, 62*5 1*001 

Willow, 25 o'4 

Yew^ 50 o'8 



IL — ^Heayikess of Eabth. 

OaUc Foot CaUo Yard. 

Chalk, from 117 to 174 lbs. from 3160 to 4730 lbs. 

Clay, „ 120 to 135 „ „ 3240 to 3645 „ 

Gravel and Shingle,.... „ 90 to no „ „ 2430 to 2970 „ 

Marl, „ iootoii9 „ „ 27ooto32io „ 

Mud, 102 „ „ 2750 „ 

Sand, dry, 89 „ „ 2400 „ 

„ damp, 118 „ „ 3190 „ 

Shale, 162 „ „ 4370 „ 



ni. — Heaviness and Bulkiness of Bock. 

Lbs. in one Lbs. in one Onbio Feet 

Cubic Foot CaUo Yard. to a Tom. 

Basalt, 187 ... 5060 ... ' 12 

Chalk, 117 to 174 ... 3160 to 4730 ... 19*1 to 12-9 

Pelspar, 162 ... 4370 ... 13*8 

Flint, 164 ... 4430 ... 13-6 

Granite, 164 to 172 ... 4430 to 4640 ... 13*6 to 13 

Limestone, 169 to 175 ... 4560 to 4720 ... 13*2 to 12-8 

„ magnesian, 178 ... 4810 ... 12*6 

Quartz, 165 ... 4450 ... 13-6 

SandBtone,ayerage,..o 144 ... 3890 ... 15*6 

,, different ) . . ^ . 

Y^^^ I 130 to 157 ... 3510 to 4240 ... 17-2 to 14-3 

Shale, 162 ... 4370 ... 13*8 

Slate (Clay), 175 to 181 ... 4720 to 4890 ... 12*8 to 12*4 

Irapi 170 ••• 4590 ••• 13*2 
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IV. — Cubes, Rods, Plates, Bars, and Spheres. 

A. R 0. D. £. F. 

IbB. 11)8. IbB, IbB. lbs. 

Brass, cast, average,... 0-298 2-8i 3-58 43-0 516 0-156 

„ wire, 0-308 2-91 3-70 44-4 533 o-i6a 

Bronze, 0303 2-86 3-64 43-7 524 o-i69 

Copper, sheets 0-318 2-99 3-81 45-75 549 o-i66 

„ hammered, ... 0*322 3-03 3-86 46-3 556 o'i68 

Iron, cast, average, ... 0-257 ^'4^ 3*°^ 37*® 444 o*i34 

Iron, wrought, average, 0-278 2-62 3-33 40-0 480 0*146 

Lead, 0-412 3-88 4*94 59*3 712 0*216 

Steel, average, 0-283 2*67 3*40 40*8 490 0*148 

Tin, average, 0*267 2-52 3*21 38*5 462 0*140 

Zinc, average, 0-252 2-38 3-03 36*3 436 0*132 

8. Centre of Oraritsr— IHaiiieBf of Weight. — ^RuLE I. — ^The centre 

of gravity of a body of uniform heaviness is its centre of magnitude. 
(See pages 81 to 88.) 

HuLE II. — To find the moment of a body's weight relatively to 
a given plane of moments; multiply the weight by the perpendicular 
distance of the body's centre of gravity from the given plane. 

Note. — In comparing together or combining the moments of 
weights which lie some at one side and some at the other side of a 
plane of moments, those moments are to be distinguished into 
positive and negative, according to the sides of the plane at which 
the weights lie. 

Rule III. — To find the common centre of gravity of a set of 
detached bodies; find their several moments relatively to a con- 
venient fixed plane; find the resultant of those moments by adding 
together, separately, the positive and negative moments, and 
taking the difference between the two sums, which will be positive 
or negative according as the positive or negative sum is the greater. 
Divide that resultant moment by the total weight; the quotient 
will be the perpendicular distance of the common centi*e of gravity 
from the fixed plane; and its positive or negative sign will show at 
which side of the plane that centre lies. If necessary, repeat the 
same process for a second and a third fixed plane, so as to deter- 
mine the position of the required centre completely. The two or 
three planes (as the case may be) are usually taken perpendicular 
to each other. 

Rule IV. — ^To find the centre of gravity of a body consisting of 
parts of unequal heaviness; find separately the centres of those 
parts, and treat them as detached weights by Rule IIL 
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9. HMiMil of MmtarOtL ukl BadilM ^f Oynltoa.— EuiS L — To 

find the moment of inertia of a body about a given axis; conceive 
the body divided into an indefinite number of small parts; multiply 
the mass (or weigkt) of each part by the square of its perpendicidar 
distance from the axis; the limit towards which the sum of all 
the products approximates as the parts become smaller and more 
numerous will be the required moment of inertia. 

Rule II. — Given, the moment of inertia of a body about an axis 
traversing its centre of gravity in a given direction; to find its 
moment of inertia about another axis parallel to the first ; multi]^ 
the mass (or weight) of the body by the square of the perpendicidar 
distance between the two axes, and to the product add the given 
moment of inertia. 

KxTLE III. — Given, the separate moments of inertia of a set 
of bodies about parallel axes traversing their several centres of 
gravity; required, the combined moment of inertia of those bodies 
about a common axis parallel to their separate axes; multiply the 
mass (or weight) of each body by the square of the perpendicular 
distance of its centre of gravity from the common axis; add 
together all the products, and all the separate moments of inertia; 
the sum will be the combined moment of inertia. 

Rule TV, — ^To find the square of the radius of gyration of a 
body about a given axis; divide the moment of inertia of the body 
about the given axis by the mass (or weight) of the body. 

Rule Y. — Given, the square of the radius of gyration of a body- 
about an axis traversing its centre of gravity in a given direction; 
to find the square of the radius of gyration of the same body about 
another axis parallel to the first; to the given square add the 
square of the perpendicular distance between the two axes. 



10. — ^Table of Squabes of Radh of Gtration. 



BODT. 




BADIU&t 


T Snliflrft of nulins i*.... •••.•••«*•••..• 


Diameter 

Polar aads 
Axis, 2a 

Diameter 

Diameter 


2r* 
6 

2r« 
5 

6«+c« 
6 

2(r»-r'») 

2r« 
3 


XL Spheroid of revolniion—- polar semi- 
azia a, equatoml radioa r,... ^ 


IV. Spherical 8hell-~eztemal radius r, 
internal t^ t  «.. 


y. Spherical shell, inaenaihly thin— ra- 
dinar. thickness (2r.t....... ••.. 
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Boot. 

VL Circular cyliiidei^--leiig€h 2a, nidiiuir, 

YIL EUiptio cylinder — length Sio, tnms- 
Ycrse Bemi-axes b, c, 

VJUUL HoEoir drcnlar cylinder— lengtli 2a, 
external radios r, internal r^, 

DL Hollow circular cylinder, insensibly 
thin — ^length 2a, radius r, thickness 
dr, 

X. Gmnlar cylinder— length 2a, radius 
r, 

XL Elliptic cylinder — ^length 2a, trans- 
verse semi-azes 6, e, 

All. Hollow circular cylinder— length 2a» 
external radius r, internal /, 

Xlil. Hollow circular cylinder, insensibly 
thin — ^radius r, thickness cfr, 

XIY. Bectangular prism — dimensions 2a, 
26,2c 

XV. Ilhombic prism — ^length 2a, diagonals 
26, 2c 

XVL Bhombio prism, as above, 



Tift n gi t ndinal 
axis, 2a 

Longitudinal 
axis, 2a 

Lonc^tndinal 
axis, 2a 



Longitudinal 
axis, 2a 

Transverse 
diameter 

Transverse 
axis, 26 

Transverse 
diameter 

Transverse 
diameter 

Axis, 2a 



Axis, 2a 
Diagonal, 26 



Badiui.1 



2 

6'-t-c« 

4 






c" a' 
4 + 3- 

r*W* a][ 
4 ■'"S 

r^ a« 
2"*" 3 

3 

6«'f-c« 
6 

6"*'3 



11. Centre 9f ^eremmimm — Eqaivaleat 

I. — ^To find the centre of percussion of 
a i^ven body taming about a given 
axis. 

In fig. 55y let XX be the given 
axis, and G the centre of gravity of 
the body. From G let fall G C perpen- 
dicular to X X Through G draw G D 
parallel to X X, and equal to the 
radius of gyration of the body about 
the axis G D. Join C D. The n will 
C E = C D = 1^ G D2 + C G2 = the 
radius of gyration of the body about 
XX. From D draw D B perpen- 




Fig. 55. 
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diciilar to C D, cutting C G produced in B. Then will B be the 
centre of percussion of the body for the axis X X. 

Q J)2 

To find B by calculation; make G B = yth * 

C is the centre of percussion for an axis traversing B parallel 
to XX. 

KuLE IL — ^To convert the body into an "equivalent simple 
pendulum" for the axis X X, or for an axis through B parallel to 
XX; divide the mass of the body into two parts inversely 
proportional to G C and G B, and conceive those parts to be 
concentrated at and B respectively, and rigidly connected 
together. 

(Let W be the whole mass, and and B the two parts; then 



W GB W G O 

CB; ' CB 



•) 



(The "equivalent simple pendulum" has the same weight with 
the given body, and also the same moment of weight, and the same 
moment of inertia, with the given body, relatively to an axis in 
the given direction X X, traversing either C or B.) 

12. Eqalralent Ring, or EqnlTalent Fly-wheel. — ^When the given 

axis ti-averses the centre of gravity, G, there is no centre of per- 
cussion. The moment of the body's weight is nothing, and its 
moment of inertia is the same as if its whole mass were concentrated 
in a ring of a radius equal to the radius of gyration of the body- 
That ring may be called the "eqiiivalent ring," or "equivalent 
fly-wheel." 

13. The Centre of Premnre in a plane Surface is the point 
travei-sed by the resultant of a pressure that is exerted at that 
surface. 

BuLE. — Conceive that upon the pressed surface as a base, there 
stands a prismatic solid of a height at each point of that surface 
proportional to the intensity of the pressure (page 103); the point 
in the pressed surface at the foot of a perpendicular from the centre 
of magnitude of the solid (pages 81 to 88) will be the centre of 
pressure. 

The following are particular cases : — 

I. iTniform Pres»nre.~When the intensity is uniform, the centre 
of pressure is at the centre of magnitude of the pressed surface. (See 
page 83.) 

II. Vnifomily Tarflng Prennre.— "When the intensity of the 
pressure varies simply as the perpendicular distance from a given 
axis, the centre of pressure is at the ceftdre of percussion of the 
pressed surface, relatively to that axis (see page 155); the surface 
being regarded as a thin plate of imiform thickness and 
heaviness. 



CENTRE OF PRESSURE^-CENTBE OF BUOTANCT. 
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Examples of Centbes of Unifobmlt-yabtino Fbessure. 

In each of the following examples the greatest peipendicular 
distance of any point of the pressed surface from the axis is denoted 
bj h; and that of the centre of pressure from the axis by k. 



FiGUBS OF Prxsskd Subtagb. 



Parallelogram, 

Triangle, 

Triangle, 

Semicircle or semi-ellipse,... 

Circle or ellipse, 

Hollow rectangle, — 

onter dunensions, h x A, 

inner dimensions, h' xh',.... 

Hollow square, h^ — A'*,.... 

Hollow elHpse, — 

onter dimensions, bxh, 

inner dimensions, I/xh',,,. 
Hollow circle, — 

onter diameter, A, 

inner diameter, h' 



Axis. 



One edge. 

One edge. 

Through an angle, 
and parallel to the 
opposite edge. 
Diameter. 

Tangent 

One edge 

of the 

outer boundary. 

Do. 

( Tangent to ) 
i the outer > 
( boundary. ) 

Do. 



ts 



I- 
^ 

0*58905A. 

8^ 
h hh^ — b'h'* 

2"**6A(6A — 6'A')' 

2A ^ 

3 +6A* 

h 6A» — 6T» 

2'^8k{bh-b'h')' 

8 '^8h' 



14. The Centre of Bnojaacy of a solid wholly or partly immersed 
in a liquid is the centre of gi^vity of the mass of liquid displaced. 
The resultant pressure of the liquid on the solid is equal to the 
weight of liquid displaced, and is exerted vertically upwards 
through the centre of buoyancy. 
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PAET V. 

BULBS RELATING TO THE BALANCE AND STABILITY 

OF STRUCTURES. 

SEcnoN I. — Composition and Resolution of Forces. 

1. The BMullaMt •f a I»lstrllNMcd F*rce.— RuLE I. — To find the 
resultant of a body's weight; find the centre of gravity of the body 
(as in page 1^3); the resultant will be a single force equal to 
the weight, acting vertically downwards through the centre of 
gravity. 

Rule IL — To find the resultant of a pressure; find the centre of 
pressure (as in page 156); the resultant will be a single force equal 
in amount to the pressure, and acting in the same direction and 
through the centre of pressure. (The amount of the pressure is 
equal to the area of the pressed surface, multiplied by the mean 
intensity of the pressure, and is also equal to the weight of the 
imaginary prismatic solid mentioned in page 156, Article 13.) The 
mean intensity of an uniformly/ varying pressure is its intensity at 
the centre of magnitude of the pressed surface. (See page 49.) 

2. Bcsnllant of Forces acting through one Point. — RULE III. — 

If the forces act a^ong one line, all in the same direction, their 
resultant is equal to their sum ; if some act in one direction and 
some in the contrary direction, the resultant is their algebraical sum; 
that is to say, add together separately the forces which act in the 
two contrary directions respectively; the difference of the two 
sums will be the amount of the resultant, and its direction will be 
the same with that of the forces whose sum is the greater. 

Rule IV. — If the forces act along 
two lines, O X, O Y {^g. b^), lay off 
O A and O B along those lines, to 
represent the magnitudes of the 
given forces ; through A draw A O 
parallel to OB; through B draw 
B C parallel to O A, and cutting 
AC in C; join O C; the diagonal 
O C will represent the resultant 
r required, in direction and magni- 
^'g- 56. tude. 
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Fonnula for findisg the magnitade of O C by calculation : 
0C = a/|0A2 + OB2 + 20A-OBcosAOrI 

Formiilffi for finding tibe dlrectioai of C by calculation: 
sinA0C = 8iiiA0B-^; sin BO = sin AOB-^. 

BuLE V. — Given, the directions of three forces "which balance 
each other, acting in one plane and through one point; construct & 
triangle whose sides make the same angles with each other that 
the directions of the forces do ; the proportions of the forces to each 
other will be the same with those of the corresponding sides of 
that triangle. 

To solve the same question by calculation; let A, B, C, stand 
for the magnitudes of the three forces; A O B, B O C, C O A, for 
the angles between their directions; then 

sinBOC:sinCOA:sinAOB::A:B:0. 

Each of those three forces is equal and opposite to the resultant 
of the other two. 

KuLE YI. — To find the resultant of any number (Fj, Fg, F3, 
&c, fig. 57) of forces in different direc- ^ 

tions, acting through one point, O. ^r ^^7\ 

Commence at the point of application, «*.^^^^ 'y ^,*'^' / \ 
and construct a chain of lines repre- ^"^-^ q/^* -^ — ^ — -^7*^ 

senting the forces in magnitude, and >^'^\^^***'"***»<:J^^ 

parallel to them in direction, (O A = ^- — -V — p"^' 3> 

andll Fj, AB = andJIFg, B C = and 'A-'; 

II F3, &a) Let D be the end of that ^ ^'^' ^^' 

cham; join O D, this will represent the required resultant; and 

a force (Fg) equal and opposite to O D will balance the given 

forces. 

(This rule is applicable whether the forces act in one plane or in 
different planes.) 

3. BcsolatioM of a Force into laclined Coatponenta* — A single 

force may be resolved into two inclined components in the same 
plane acting through the same point, or into three inclined com- 
ponents acting through the same point but not in the same plane. 

BuLE VII. Tux) Components, — In fig 56, page 158, let O C be the 
given force, and O X and O Y the directions of the required com- 
ponents. Through C draw C A parallel to O Y, cutting O X in 
A, and C B parallel to O X, cutting O Y in B; O A and O B 
"will be the required components; and two forces respective! 
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Fig. 68. 



eqiml to and directly opposed to these will balance O C. Por the 
proportionate magnitudes of the components, see Article 2 of this 
section, Kule Y., page 159. 

RuleVIII. ^tiK>^ectorz^ru^(7am^x>n«nfe. — ^When the directions 

of the required components are perpen- 
dicular to each other, let It denote the 
resultant, or force to be resolved : X and 
T the required components, » and /3 the 
angles which they make respectiyelj with 
R Then 

»+ /3= QO'^^X = Roo8« = Rsin/S; 
Y s= R cos /B = R sin « ; 

X2 + Y2 = R2. 

Observe that cosines of obtuse angles are 
negativa (See page 53, line 2.) 
Rule IX. Three Components. — In fig. 

58, let OH represent the given force 
which it is required to resolve into three component forces, acting 
in the lines OX, O Y, O Z, which cut O H in one point O. 

Through H draw three planes parallel respectively to the planes 
Y O Z, Z O X, X O Y, and cutting respctively O X in A, O Y in 

B, O Z in C. Then will O A, OB, 0, represent the component 
forces required. 

Rule X. Three Bectcmffuldr Components. — ^When the directions 
of the three required components are perpendicular to each other, 
let R denote the resultant, or force to be resolved, X, Y, Z, the 
required components, and «, fi, y, the angles which they respec- 
tively make with R Then 

cos 2« 4- cos 2^ + cos V s: 1 ; X = R COS «; 

Y = R cos |3; Z = R cos y; X^ + Y2 + Z2 = R2. 

Observe that cosines of obtuse angles are negative. (See page 53, 
line 2.) 

4. Besnitant of any Nnmber of IncUocd Forces Acting throngli 

one Point. — To solve the same question by calculation that is 
solved in Rule VI. by construction. 

Rule XI. (When the forces act in one piUme) — Assume any 
two directions at right angles to each other as axes; resolve each 
force into two components (X, Y) along those axes; take the 
resultants of those components along the two axes separately 
(2 X, 2) Y) ; these will be the rectangular componenis of the resvUa/nl 
'R of all tm forces', that is to say. 



R=y/ {(SX)« + (ST)«}j 
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and if « be tlie angle which B makes with X, 

2X . 2 Y 

cos » = "57^ ®^^ * "= "r"« 

BuLE XII. (When the forces act in different planes). — Assume 
any three directions at right angles to each other as axes; resolve 
each force into three components (X, Y, ZS along those axes; take 
the resultants of the components along tne three axes separately 
(2 X, 2 Y, 2 Z); these will be the rectangular components of the 
resultant of all the forces; and its magnitude and direction will be 
given by the following equations : — 

It=A/|(2X)2 + (2Y)2 + (2Z)2l. 

2X ^ 2Y 2Z 

cos « = -^; cos /3 = -^; cos y = -^. 

5. Coopies.— In fig. 59, let F, F, represent a couple of eqiial, 
parallel, and opposite forces, applied to a rigid body, and not acting 
in the same line ; L, the perpendicular 
distance between their lines of action; 
then F is the force of the couple, 
L the arm, span, or leverage; and the ^ 
product force x leverage = F L, is the 
statical moment of the couple, which is 
right or left-handed according as the ^ _, 

couple tends to turn the rigid body, as * 

seen by the spectator, with or against the hands of a watch. (For 
measures of statical moment, see page 104, Article 7.) Couples of 
the same moment, acting in the same direction, and in the same 
plane or in parallel planes, are equivalent to each other. 

KuLE XIII. — ^To find the resultant moment of any number of 
couples acting on a rigid body in the same plane, or in parallel 
planes. Take the sums of the right-handed and left-handed 
moments separately; the difference between those sums will be 
the resultant moment, which will be right-handed or left-handed 
according to the direction of the moments whose sum is the 
greater. 

BuLE XIY. — ^To represent the moment of a couple by a single 
line. Upon any line perpendicular to the plane of the couple, set 
off a length proportional to the moment (O M, ^s. d9), in such a 
direction that to a spectator looking from O towards M, the couple 
shall seem right-handed. The line O M is called the aosis of the 
couple. 

Couples as represented by their axes are compounded and 
resolved like single forces, by Bules I. to XIL of this section. 
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KuLE XV. — ^To find tlie resultant of a single force, F, applied 
to a rigid bodj at O, and a couple, M, acting on the same body in 

the same or in a parallel plane. 
Conceive the force, F, to be 
flhifbed ia that plane, parallel 
to itself, to the left if the couple 
is right-handed, to the right 
if the couple is left-handed, 
through a distance, O A, found 
by dividing M by F. The 
shifted single force, F acting 
through A, will be the resultant 
required. 




Fig. 60. 



(The combination of a single force with a couple acting in a plane 
perpendicular to the line of action of the force cannot be further 
simplified.) 

KuLE XVI. — ^To resolve a single force into a single force acting 
in a different but parallel line, and a coupla In ^g, 60, let F be the 
given force acting in the line £ D, and B a ^ven point not in £ D. 

Through B conceive a pair of equal and contrary 
forces to act in a line parallel to £ D ; viz., + F 
equal to F and in the same direction; and — F^ 
equal to F and in the contrary direction ; also, 
let fall B A perpendicular to £ D. Then the 
original force F acting through A, is resolved 
into the equal and parallel force F acting 
through B, and the couple of forces F and — F, 
with the arm A B and moment F x A B ; which 
^ couple is right or left-handed according as B lies 
to the right or left of F, relatively to a spectator 
looking in the direction towards which F acts. 

F X A B is called the moment of the force F 
rdativdy to the point B; or relatively to the 
oasis O X traversing B in a direction perpen- 
dicular to the plane of F and AB; or relatively to a plane 
traversing B perpendicularly to A B. 

6. FaimHcl Vwccs.— RuLE XYII. — To find the resultant of two 
parallel forces. The resultant is in the same plane with, and 
parallel to, the components. It is their sum or difference according 
as they act in the same or contrary directions; and in the latter 
case its direction is that of the greater component. To find its 
line of action by construction, proceed as follows: — Fig. 62 repre- 
senting the case in which the components act in the same direction, 
fig. 63 that in which they act in contrary directions. Let A D 
and B £ be the components. Join A £ and B D, cutting each 
other in F. In B D (produced in fig. 63), take B G »= D F. 




Fig. 61. 
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Throngh G di-aw a line parallel to the components; this will be 
the line of action of the resultant. To find its magnitade by coin 




straction : parallel to A E, draw B C and D H, catting the line 
of action of the resultant in and H ; C H will represent the 
resultant required ; and a force equal and opposite to C H will 
balance A D and B E. 

To find the line of action of the resultant by calculation; make 
either 



BG = 



AD'DB 
CH 



^^ BEDB 
orDG^ g-jj— . 



BuLE XYIII. — ^When the two given parallel forces are opposite 
and equal, they form a couple, and have no single resultant. 

Rule XIX. — To find the relative pro- 
portions of three parallel forces which balance 
each other, acting in one plane; their lines 
of action being given. Across the three 
lines of action, in any convenient position, 
draw a straight line A C B, ^g, 64, and 
measure the distances between the points 
where it cuts the lines of action. Then 
each force will be proportional to the dis- 
tance between the lines of action of the 
other two. The direction of the middle 
force C is contrary to that of the other two 
£brces|, A and R 

In symbols, let A, B, and C, be the foities; then, 




Fig. 64. 



A + B + O = 0; AB:BC:CA::C:A:R 
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Each of the three forces is equal and opposite to the resultant of 
the other two ; and each pair of forces are equal and opposite to 
the components of the third. Hence this rule serves to resolve a 
given force into two parallel components^ acting in given lines in 
the same plane. 

Rule XX. — To find the relative proportions of four parallel 

forces which balance eaoh other, not acting 
in one plane; their lines of action being 
given. Conceive a plane to cross the lines of 
action in any convenient position; and in 
fig. 65 or fig. 66, let A, B, C, D, represent 
the points where the four lines of action cut 
the plane. Draw the six straight lines 
joining those four points by pairs. Then 
the force which acts through each point will 
be proportional to the area of the triangle 
Fig. C5. formed by the other three points. 

In fig. 65, the directions of the forces at 
A, B, and C, are the same, and are contrary to that of the force at 
D. In fig. 66 the forces at A and D act in one direction, and 

those at B and in the contrary direction. 
In symbols, 

A+B + C + D = 0; 

BCD:CDA:DAB:ABO 
A : B : C : D. 
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Each of the four forces is equal and opposite to the resultant of the 
other three ; and each set of three forces are equal and opposite to 
the components of the fourth. Hence the rule serves to resolve 
a force into three parallel components not acting in one plane. 

EuLE XXL — ^To find the resultant of any number of parallel 
forces. 

Case I. — When the parallel forces act all in one direction, the 
magnitude of their resultant is their sum. Consider the parallel 
forces as detached weights, and find the position of the common 
centre of gravity of those weights by Part IV., Article 9, Rule III., 
(page 153); the line of action of the resultant will pass through 
that centre. 

Case II. — ^When the parallel forces act in two contrary direc- 
tions. Find separately, as in Case I., the magnitudes and lines of 
action of the resultants of the forces which act in the two contrary 
directions respectively; if those two resultants are unequal, find 
the final resultant by Rule XVII. ; if they are equal, they form 
a couple, and have no single force as a resultant 
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Section II. — F&ames, Chains^ Ain> Iasear Bibs. 

1. Triangalar and Polygonal Vramos. — A frame COnsists of bars 

connected together at their ends bj joints which offer no sensible 
resistance to the turning of one bar into a different angular 
position relatively to the next, the resistance to such turning 
being given by the fixing of the farther ends of the bars alone. 
The point in a given joint about which such turning would take 
place is called the cerUre of resistance of the joint; the straight 
line joining the centres of resistance at the ends of a bar is called 
the line ofresistcmce of that bar. A bar is called a struts or a tie, 
according as a thrust or a pull is exerted along its liHe of resist- 
ance. A figure showing the centres of resistance and lines of 
resistance alone may be called the skeleton diagram of a frame. 
When a joint is spoken of as a point, its centre of resistance is 
meant; when a bar is spoken of as a line, its line of resistance 
is meant. 

When the balance and stability of a frame alone are in question, 
and not its strength, the load may be treated as if concentrated at 
the centre of resistance; and if not actually so concentrated, the 
following rule is to be used : — 

HuLE I. — Given, the actual load distributed over a frame, whether 
arising from external forces or from its own weight, and the distri- 
bution of that load; to find the equivalent load concentrated at the 
centres of resistance of the joints. By the rules of the preceding 
section, and of Part lY., find the resultant of the load on each 
bar; then, by Bule XIX. of the preceding section (page 163), 
resolve each such resultant into two parallel components acting 
through the centres of resistance at the ends of that bar; then 
take the resultants of those components for each joint separately ; 
those resultants will form the equivalent load required. 

Bule II. — Given, the load on a frame, and the line or lines of 
resistance of its supports; to find the supporting force or forces, 
commence by finding the resultant of the whole load by the rules 
of the preceding section, and of Part IV. 

Case I. — If there is but one support, its line of resistance must 
coincide with the line of action of the resultant of the whole 
load; and the supporting force must be equal and opposite to that 
resultant. 

Case IL — ^When there are two supports, their lines of resistance 
must be in the same plane with the line of action of the resultant 
load, and must either be parallel to it, or, if inclined, cut it in one 
point. If parallel, use Bule XIX. (page 163), or, if inclined, use 
Bule YII. (page 159) of the preceding section to resolve the re- 
sultant load into two components acting along the lines of resistance 
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of the snpports; tlie two supportisg forces will be equal and 
opposite to those oomponoitB. 

Case HL — ^When there are three supports^ their lines of resist- 
ance must be either parallel to the line of action of the resultant 
load, or must cut it in one p<Mnt. J£ parallel, use Rule XX. (page 
164), or, if inclined, use Bule IX. (page 160) of the preceding 
section, to resolve the resultant load into three components acting 
along the lines of resistance of the supports; the three supporting 
forces will be equal and opposite to those components. 

Remark. — ^In all the following rules, those components of a 
distributed load which, as found by Rule L, rest directlj on the 
supports of the frame, are understood to be left out of account; and 
the supporting forces are supposed to be determined exdusive of 
such parts of them as are required in order to sustain such direct 
loads on the supports. 

Rule III. — ^To distingurah struts from ties. In fig. 67, let A C 
and B C be the lines of resistance of two bars of a frame meeting 

at the joint C. Produce those lines 
bejfond C, as shown by C D, C E; 
aiKl draw a line to represent the 
direction of the load at C. Then, if 
that direction lies between A C pro- 
duced and B C produced, as at 1, 
both bars are ties ; if between A C 
produced and C B, as at 2, A C is a 
tie and B G a strut; if between C A 
and C B, as at 3, both bars are struts; 
if between C A and B C produced, as at 4, A C is a strut and B C 
a tie. 

Rekark as to stability and instability. — ^A tie is stable, even 
although one or both ends are moveable. A strut is unstable, 
unless both ends are fixed. A frame composed altogether of ties 
is stable even although flexible. A frame containing struts must 
be stiffened, so as to fix their positions. 




Fig. 07. 






Bg. 68. Elg. 69. Tig. 70. 

Rule IV. — Given, in a triangular frame, loaded and supported 
vertically, the skeleton diagram (fig. 68), to find the relative pro- 
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portions of the forces acting in the &ame. Let A, B, O, be the 
three bars, 1, 2, 3, the throe joints. C]lonstract t^e diagram of 
forces, fig. 69, as follows : — From any point, O, draw 
O A, O B, O C, parallel to ihe lines of resistance 
A, B, C, respectively; then acraas those three lines >^ 

dxKw the vertical line ABC. Then the required j/ 

proportions are as follows : — o^^^^^— - 

Load Snpporting StremAlonir VV 

on Forces at fetressiuong \ x. 

1 : 2 : 3 : A : B : C \ x 

::CA:AB:BC:OA:OB:OC; \ 

and from these proportions, if any one of the six > 

forces is given, the other five may be found. p- 71 

From O, perpendicular to A B 0, draw OH. 
This will represent the Aoruxm^ 6^d«a c^ the frame, which is the 
same in each bar. To find this and the other forces by calculation 
from the load C A, let a, h^ e, be ihe angles of slope of the three 
lines of resistance; then 

0H = ^ 

tan c =±: tan a' 

AB= OH-(tana=Fitan6); B C = O H-(tan 6 =4= tanc). 

rpt . f + ) is to be used when the two ) opposite directions 
e sign I _ I inclinations are in j the same direction. 

O A = O H sec a; O B = O H -sec 6i O C = O H • sec c. 

KuLE T. — Given, in a pdygcmoL fiwmA, loaded and supported 
ffertioaU^ft the skeleton diagram, £^, 70, to find the relative pro- 
portions of the forces. Let A, B, C, D, E be the bars; 1, 2, 3, 4, 5, 
the joints, c^ which 1, 2, 3 are loaded, and 4, 5, supported. Con- 
struct the diagram qf/oroeSj £g, 71, as follows: — From any point, 
O, draw radiatii^ lines, O A, O B, O 0, &&, parallel respectively to 
the lines of resistance A, B, C, &c^ in fig. 70. Then draw a 
vertieal line, A D, across the radiating lines. Then, taking the 
whole length, A D, to represent the whole load, the several parts into 
which that length is cut by the lines O B, O C, &c,, will represent 
the parts of the load which must rest on the sev^nl loaded joints 
in <»der that the frame may be balanced. For example, B C in fig. 
71 represents the part of the load to be applied at the joint 2 in 
^ 70, where the bars B and C meet. Also, the parts D £ and 
E A into which A D is divided by the line A E, parallel to the 
bar E, which connects the points of support, 4 and 5, in fig. 70^ 
represent the supporting forces at those points respectively. The 
lengths of the radiating lines O A, <&c., represent the stresses along 
the lines of resistance to which they are respectively parallel 
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From O let £ei11 on A D the perpendicnlar O H. This will 
represent the horizontal stress of the fi^une. 

Remarks. — By omitting from the skeleton diagram, fig. 70, the 
bar E, which connects the points of support, the frame becomes an 
open jframe, in which case the supporting forces become identical 
with the stresses along the outer bars, A and D, and are repre- 
sented by D O and O A in fig. 71. The obliquity of those forces 
renders abtUments necessary at 4 and 5, and not mere vertical 
supports. 

The frame shown in fig. 70 consists chiefly of struts, and is 
therefore unstable unless their ends are fixed by means of suitable 
stays. If the same figure be inverted, the bars which were struts 
become ties, and the frame is stable, although flexibla 

Rule VI. — Given, in a vertically-loaded polygonal frame, the 
load and its distribution, and the inclinations of the two outer bars, 
A and D, fig. 70; to find the inclinations of the remaining loaded 
bars, in order that they may be balanced. In fig. 71 draw a ver- 
tical line, A D, to represent the whole load, and divide it into 
parts, A B, B 0, <&c., to represent the parts of that load which are 
to be supported at the several loaded joints. From the ends of 
that line draw A O and D O parallel to the lines of resistance of 
the two outer bars, and cutting each other in O; then draw 
radiating lines, O B, O C, &c,j from O to the points of division of 
AD; these will be parallel to the lines of resistance whose 
inclinations are required. 

Rule VII. — Given, in a polygonal frame, vertically loaded, the 
total load and the inclinations of the lines of resistance of the two 
outer bars; to find the horizontal stress, divide the load by the 
sum of the tangents of those inclinations, if they are contrary, or 
by the difference of those tangents, if the inclinations are similar. 

Rule VIIL — Given, the skeleton diagram of a vertically-loaded 
polygonal frame and the horizontal stress; to find how much of the 
load is supported between any two bars, multiply the horizontal 
stress by the difference of the tangents of the inclinations of the 
lines of resistance of those bars, if they slope the same way, or by 
the sum of those tangents, if the lines of resistance slope contrary 
ways. 

Rule IX. — From the same data> to find the stress along a given 
bar; multiply the horizontal stress by the secant of the inclination 
of the line of resistance of that bar. 

2. Braced Fraiiteii->]iiethod of TriaMgies.— When the external 
forces applied to a frame, although balancing each other as an 
entire system, are distributed in a manner not consistent with the 
equilibrium of each bar separately; then, in the diagram of forces, 
upon attempting to construct a scale of loads having its points of 
division on the radiating Hues, as in ^g. 71, gaps will he left in 
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Fig. 72. 



tliat 8Gal& The lines necessary to fill up those gaps will indicate 
the forces to be supplied by means of the resistance of braces. 
These may be either struts or ties^ connecting two or more joints 
together. 

The resistance of a brace introduces a pair of equal and opposite 
forces, acting along the line of resistance of the brace, upon the 
pair of joints which it connects. 

3. method of BeciioBs Applied to Fnunes*— When a vertically- 
loaded braced frame is 
so designed that a 
vertical cross- section 
of it at any point 
cuts not more than 
three lines of resist- 
ance^ the method of 
iecUons may be ap- 
plied as follows : — The 
upper and lower bars, 
as 13, 3 5, &c,, and 
2, 2 4, 4 6, &c., in 
fig. 72, may be called 
the Wringers, and the intermediate bars, 01, 12, 23, <fec., the 
braces. 

Rule I. — Given the skeleton diagram, and the load at each of 
the joints (1, 2, 3, dxs.), to find the stress exerted along any one of 
the stringers (as 3 5). Find the supporting forces by Rule II. of 
the last Ai-ticle (page 165). Then conceive the frame divided into 
two parts, by a section traversing the joint that is opposite 
the stringer under consideration (for example, the joint 4, opposite 
the stringer 3 5). Take the resultant moment relatively to the 
joint 4 (see preceding section) of all the external forces which act 
on one of those parts. (That is to say, in the present example, 
take the moment of the supporting force at the joint O, by 
multiplying it by its horizontal distance from 4; and from that 
moment subtract the moments of the several parts of the load 
which act at 1, 2, and 3.) From the joint (4) opposite the 
stringer in question, let fall a perpendicular (4 P) on the line of 
resistance of the stringer (3 5) ; divide the rosultant moment by 
the length of that perpendicular; the quotient will be the stress 
along the stringer in question. To find whether that stress is 
thrust or tension, consider in which direction the resultant mo- 
ment tends to turn the part of the frame on which it acts about 
the joint (4); the stress will be of the kind which resists that 
tendency. (In the example the stress is thrust for the upper 
■tringers, tension for the lower.) 

Bulb II. — ^To find the vertical component of the stress along a 
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staringer, mnltiply the irliole stresB Ivy tiie dlORxeuoe of levd of ibo 
eads of the stringer, and dmde bj the length of the stnnger. 
If the stringer is honxofaial, its stress has no vertical ccnuponeD^ 
The stress of each stringer having been found, the next st^ ia 
as follows: — 

'RxTLE IIL — In the same case, to find the stress along any one of 
the braces (for example, 3 4). Gonoeiye the frame to be divided 
into two parts by a yertical section, 8 S, traversing the brace in 
question. Take the resultant of all the extanal forces which act 
on one of those divisions. (That is to say, in the example shown, 
from the supporting force at the joint O sublzaet the loads at the 
joints 1, 2, 3.) With that resultant combine the vertical com- 
ponents (if any) of the stresses along the two stringras cut by the 
section (in this case 3 5 and 2 4). The vertical component of ihe 
required stress on the brace will be equal and opposite to the final 
resultant found by the preceding processes, and being multiplied 
by the ratio in which the length of the brace is greater than the 
difference of level of iU ends, will give the whole stress alo^g 
the brace. 

4. lioaded Chains. — ^RuLE I. — Given the figure of a loaded diain, 
B A D ; to find the position of the resultant load on any part of 
ity A B^ and the relative proportioDS of the forces acting on that 

part of the chain. I>raw 
n V tangents, A P and B P, 

to the chain at the two 
ends of the part in ques- 
tion, cutting each other in 
Pj the line of action of 
the resultant load on the 
part A B traverses ^be 
point P. Also, construct 
^'^^*- atriMigie(snchasBPX), 

with its three sides parallel lespectively to the two tangents and 
the resultant load: those three sides will bear to each other the 
relative proporti<ms of the tensions at A and B, and the load sup- 
ported between A and R 

"RxjiSE II. — Given, in a mii0aZ7y4oaded chain, the total load, 
and the figure in which the chain hangs; to find the distribution 
of the load, and the tension at any point of the chain. Construct 
the diagram of forces, fig. 74, as follows: — Draw a verfcical straight 
line, D, to represent tiie total load, and from its ends draw G O 
and D O, parallel to two tangents at the points of support of the 
chain, and meeting in O; those lines will represent the tensions 
on the chain at its point of BU|^>ort. 

Let A, in fig. 73, be the lowest point of the chain. In filg. 74 
draw the horizontal line O A; this will represent the horizontal 
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component of tlie tension of the chain at every point, and if B be 
parallel to a tangent to the chain at any point B, A B, in fig. 74, 
ivill r^Mnesent the portion of the load supported between A and B, 
and O B the tension at B. 

BuLE III. — Given, in a vertically loaded chain, the load and its 
distribution ; the points of suspension, G and C (fig. 
75), which points are supposed at the same level, 
and the horisontal tangent, H H', at the lowest 
point of the chain ; to construct the figure in which 
the chain will hang. By Bule XXT. ot* the pre- 
ceding section (page 164), find the resultant load, 
H ; then by Bule XIX. of the same section (page 
163)^ find the vertical components, P and F, of the 
two supporting forces (equal and opposite to two 
parallel components of B through C and C). Then, 
from the ^own distribution of the load, find 
ihe position of a vertical Une, A F, dividing the 
total load, B = P + P, into two parts equal to the adjacrait 
supporting forces, P and F respectively; the point A, where 




rig. 74. 




Rg. 75. 

that vertical line cuts the horizontal tangent H IT, will be the 
loioeat pokU oj Aa chain. Next, to find the horizontal tension; 




conoeive the chain divided into two parts by a vertical plane 
through A F j take the resultant moment, relatively to that plane. 



172 BALAKGE AND 8TABILITT OF STRUCTUBES. 

of all the vertical forces 'which act on one of those parts : for 
example, of the supporting force P^ and of those parts of the load 
which hang between C and A; divide that moment by the greatest 
depression, F Aj the quotient will be the horizontal tension. 
Lastly, to find the depression, X B, of any other point, B, of the 
chain below the level of the points of support; conceive the chain 
to be divided into two parts by a vertical plane through X B j find 
the resultant moment, relatively to that plane, of all the vertical 
forces which act on one of those parts; that is, of the supporting 
force P, and of those parts of the load which hang between and 
B; divide that resultant moment by the horizontal tension; the 
quotient will be the required depression, X B. 

The resultant tensions at the points of support are, respectively, 
J (H2 + P2) and J (H^ + F^), where H denotes the horizontal 
tension. 

A balanced chain, being inverted, gives the curve of equUihrium 
for a rib loaded in the same manner with the chain. The tensions 
in the chain became thrusts in the rib. 

5. ChaiMt Willi Ijmui i7BifM« mwet tfce 8p«a« — ^The assumption 
that the load is uniformly distributed over the span of a chain is, 
in most cases of suspension bridges, near enough to the truth for 
practical purposes. In fig. 76 let B A C be a chain so loaded; A, 
its lowest point; D A E, a horizontal tangent at that point; B 
and C, the points of support; B D and C E, vertical lines through 
them. The curve B A C is a common parabola, with its vertex at 
A LetDE = a; BD = y^; C :K ^ y^; A I> == x^; A B =^ x^; 
so that x^ •{■ Xa = a, 

BuLE I. — Given, the elevations, y^, y^^ of the two points of 
support of the chain above its lowest point, and also the horizontal 
distance, or span, a, between those points of support; it is required 
to find Uie horizontal distances, x^, x^ of the lowest point from the 
two points of support : also the focal distance^ m, of the parabola. 

x^ = a- , ^y* ; x^ = a- , ^ ^^ . 



m = 



a2 



^ yi + 4: ya + S n/^i y2 
When the points of support are at the same level, 

vi = y2; «i = «2 = 2' *^ = ie~^ 

In the latter case the height yi =» y^^ called the depression. 
Bulb II. — Given, the same data^ to find the indiniBitionSy ^ ip 
of the chain at the points of support 
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tan H = ?i4 = ^Vx^^'J^i ; tan t, = ^« = ^Vj^^^'hl t . 
when the points of support are at the same level, 

Vi = y2> ^^ h = tan i^ = --^. 

KxTLE III. — Given, the same data, and the load, p, per nnit ol 
length : required the horizontal tension, H, and the tensions, E^) ^ 
at the points of support. 

H = 2 pm = ^ 



When the points of suppoii; are at the same level, or that y^ s yp 
those equations become 



H =^^* 



8yi 



;E, = R, = HV(l+^^. 



Rule IY. — Given, the same data as in Problem First, to find 
the length of the chain. 

Calculate the lengths of the arcs A B =s «], and AC ^a s^ bj 
the rules of page 79, Article 6, and ada them together. 

KuLE Y. — Given, the same data, to find, approximately, the 
small elongation of the chain d (tf^ 4- 8^ required to produce a given 
small depression, d y, of the lowest point A, and converselj. 

dy 3\x^ xj' 

When y^ s y^ this equation becomes 

2d8i _ 16 y^ 
dy ~" 3a' 

These formuln serve to compute the depression which the middle 
point of a suspension bridge imdeigoes in consequence of a given 
elongation of the cable or chain, whether caused by heat or by 
tension. 

Rule YI. — ^To find the pressure on the top of each pier. If the 
chain passes over a curved plate on the top of the pier called a 
saddlsj on which it is free to slide, the tensions of the portions of 
the chain or cable on either side of the saddle will be sensibly 
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equal; and in order that those tensions may compose a vei'tical 
pressure on the pier, their inclinations must be equal and opposites. 
Let i be the common value of those inclinations; R the common 
value of the two tensions; then the vertical pressure on the pier is 

V = 2 R sin i = 2 H tan » = 2|? a; 

that is, twice the weight of the portion of the bridge between the 
pier and the lowest point. A, of the chain. 

But if the two divisions of the chain which meet at the top of a 
given pier are made fast to a truck, which is supported by rollers oa 
a horizontal cast-iron platform on the top of the pier, let t, %', be 
the inclinations of the two divisions of the chain or cable in opposite 
directions, and R, R', their tensions; then 

R = H sec »; R' = H sec i'; 

V = R sin i + R' sin t' = H (tan i + tan {), 

6. The €3atcwuT is the curve in which an uniform chain hangs, 
when loaded with its own weight only, or with a load everywhere 
proportional to its own weight. (See fig. 22, page 80, and its 
explanation.) 

Rule I. — Given, in fig. 77, the catenary A B, and its directrix 

O X, and the weight of an unit of length of 
the chain; to find the horizontal tension. 
Multiply the parameter O A by the weight 
of an unit of length of chain. 

Rule II. — To find the tension at any 
point, B, of the chain. Multiply the height 
of the ordinate X B from the directrix: to 
Fig. 77. ^^® given point, by the weight of an unit of 

length of chain. 

7. A Catenarian Kifc is of the figure of a catenary inverted, the 
directrix being above the curve, and the curve concave downwards. 
To represent it, conceive fig. 77 to be turned upside down. It is 
the form of equilibrium for an arched rib loaded in such a manner 
that the load on any arc, A B, is proportional to the a/rea, O A B X, 
of the apcmdrU, or space between the rib and its directrix. 

Rule I. — Given, a catenarian rib and its directrix, and the 
weight of load corresponding to an unit of area of spandiil; to find 
the horizontal thrust. Multiply the square of the parameter O A 
by the load per unit of area. 

Rule II. — To find the thrust at any point, B, of the rib. Mul- 
tiply tog^er the parameter O A, the ordinate X B, and the load 
per unit of area. 

A VrwumtmnmmA CatHwrian WLih is a curve such as a & in fig. 77 
(still sapposed to be tamed upside down), which curve is so rehited 
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to the common catenary, A B, that the ordinates drawn to it from 
the directrix, O X, of both curves, such as Oa and X6, bear every- 
where a constant proportion to the corresponding ordinates^ such 
as O A and X B, of the common catenary; or^ in symbols^ 

j/ 'Kb Oa a . . 

- = ^-^ = T^-j- = ~ = constant, 
y X B O A m 

A transformed catenary is a form of equilibrium for an arched rib 
loaded in such a manner that the load on any arc, ab,ia propor- 
tional to the area of spandril, O a & X. 

BuLE III. — Given, in a transformed catenary, the least ordinate, 
O a =a; any other ordinate, X 6=^^; and the half-span, or 
distance between them, O X = a;; to find the parameter, O A = ?», 
fd the corresponding common catenary. Use the following formula : 



m 



= x.hyi.log.(f+>y/gT:T) 



(For hyperbolic logarithms, see page 38. For squares and square 
roots, see page 11.) 

BuLE IV. — In a transformed catenarian rib under a given load 
per unit of area of spandril, to find the horizontal thrust ; multiply 
the square of the parameter A O (found by Bule III.) by the load 
per unit of area of spandriL 

Bule V. — To find the thrust along the rib at any point, B; let 
H denote the horizontal thrust; P, the vertical load corresponding 
to the area of spandril, O a 5 X; T, the required thrust; then 
T=rV(H2 + P«). 

Bule YL — To find the radius of curvature of a transformed 
catenary at its vertex or crovm, a; divide the square of the para- 
meter, O A, by the least ordinate, Oa. 

(The radius of curvature of a common catenary at its vertex, A, 
is equal to the parameter, O A) 

Table fob Catenabian Bibs. 
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To interpolate the ordinate, y ^z Vy corresponding to an inter* 
mediate half-span, x z±z u, when - corresponds to - in the table; 
make 

y=±=r _y /. , u^ . _g^\ , ^^y (}!:a _j^N 

This computation is to be performed by addition to the number 
next below in the table, or bj subtraction from the number next 
above, according as the intermediate half-span lies nearer to the one 
next below it or to that next above it. 

8. Viiifomiir PvcMed H««pfl.— The stress on a hoop is tension if 
it is pressed from within; thrust if it is pressed from without. If 
the pressure is uniform, of .equal intensity in all directions, and 
normal to the hoop, the form of equilibrium of the hoop is a circle. 
If the pressure is compounded of two uniform pressures in directions 
at right-angles to each other, of different intensities, that form is 
an ellipse. 

Rule I. — To find the stress on a circular hoop; multiply the 
pressure per unit of length of the hoop by the radius of the hoop. 

KuLE Jl. — To find the ratio of the greater and lesser axes of an 
equilibrated elliptic hoop, subjected to two uniform pressures of 
different intensities in directions perpendicular to each other; ex- 
tract the square root of the ratio of the intensities of the pressures. 
The greater axis will lie in the direction of the more intense pressure. 

BuLE III. — To find the stress on an equilibrated elliptic hoop 
at the end of one of its axes; multiply half the length of that axis 
by the pressure per unit of length in a direction perpendicular 
to it. 

9. A BifdroBtatic Rib is adapted to bear a pressure which, like 
that of a liquid, is everywhere normal to the rib, and which, at 
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Fig. 78. 

any point, C, has an intensity proportional to the depth of spandril, 
C Y, between the rib and its horizontal directrix, Y O Y. The 
radius of curvature at each point, such as C, is inversely proportional 
to the depth of spandril, C Y. 
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The total thrust at every point of a hydrostatic rib is unifomii 
and is equal to the load on the half-rib A B. 

In i^hat follows, the rib is supposed to spring yertically from its 
abutments at B, B. 

KuLE I. — Given, the half-span, F B = c, and the rise, F A = a, 
of a hydrostatic rib; to find the proper depth of load at the crowni 
A O = 7», approximaXdy^ 

Make 6 = c + T^K—i tben h =3 ts si nearly. 

KuLE 11. — To find the area of spandril corresponding to the 

T 

uniform thrust along the rib; call that area — , in which T repre- 
sents the thrust, and \Jo the load per unit of area of spandril; then 

BuLE IIL — ^To calculate the thrust; being also the load on 
the half-nb. 

,.2 



T = «;(|-+aA), 



KuLE lY. — To find the radius of curvature at a point where 
the depth of spandril, Y C = fic, is given; divide the area found by 
Kule II. by the depth of spandril; that is to say, let r be the 
radius of curvature at C; then 

a2 + 2aA 



r = 



2ic 



The radii of curvature at the crown. A, and springing, B, are as 
follows : 

AtA,ro = — 2r-^**^'^^ = -2F+^- 

A sufficient number of radii having been computed, the figure of 
the rib may be constructed to any required degree of approximation 
by drawing a series of short circular arcs. 

Rule Y. — To draw, approximately, the figure of a hydrostatic 
lib with three radii only. By HuIjE IY., find the radii of curva* 
ture, Tq, r-^f at the crown and springing. From the crown^ A, 
draw vertically A C = Vq; and from the springing, B, draw 
horizontally B D = r^. C and D will be the centres of curvature 
for the crown and springing respectively. 

About D, with the radius D£=FA — BD, describe a circular 
arc, and about C^ with the radius E =: F^ describe another 

IT 
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circular arc; let E be the point of intersection of those arcs; this 
will be a third centre; and two more centres will be similarly 
situated to D and £ with respect to the other half-rib. 

Then about C, with the radius C A, draw the 
circular are A G till it cuts C E produced in G; 
about E, with the radius E G = F A, draw the 
circular arc G H till it cilts E D produced in 
H; about D, with the radius D B, draw the 
circular arc H B. This completes one half-rib, 
and the other is drawn in the same manner. 

The curve thus drawn ^Is a little beyond 
the true hydrostatic rib at G, and a little 
within it at H. 

10. A Rib of any Fignre, under a vertical load 
distribtUed in any manner, being given, it is 
always possible to determine a system of hori- 
zontal pressures, which, being applied to that 
Fig. 79. rib, will keep it in equilibrio. 

Rule I.^-To find the total horizontal pres- 
sure against the rib below a given point. In fig. 80 let C be any 
point in the rib, and A its crown. 



■x'-sr 






Fig. 80. 



Fig. 81. 



In the diagram of forces, ^g. 81, draw o c parallel to a tangent 
to the rib at C. Draw the vertical line o 6 as a scale of loads, on 
which take o A = P to represent the vertical load supported on the 
Arc A C. Through h draw the horizontal line h c, cutting o c in c; 
then c = T will be the thrust along the rib at C, and A c = H, 
the horizontal component of that thruist, will be the total horizontal 
-pressure which must be exerted a>gainst B, the part of the rib 
hdow 0. 

At the crown, A, the {nreceding Hule fails; and the following is 
to be used. 

Rule II. — To find the thrust at the crown of the rib; multiply 
the radius of curvature at the crown by the vertical load per lineal 
imit o£ span thei'Oi 
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BuLE IIL — To find the horizontal pressure required in a given 
layer of the spandril. 

Let C (fig. 80) be a pcHnt in the rib a short way below C. In 
the diagram, of forees (fig. 81) draw o d parallel to a tangent to the 
^b at C; on the Vertical scale of loads take o h'y vertical, load 
on the arc A C^; draw the horizontal line h' d cutting oc iacf. 
Then o c' = T' is the thrust along the rib at C; and h' e' = H', the 
liorizontal component of that thrust, is the horizontal pressure 
which must be exerted against the part of the rib below C^ H being, 
as before, the horizontal component of the thrust at C, the difference 
S -TT- H^ will represent the horizontal pressure required to be 
exerted through the horizontal layer C E ly C. 

If H diminishes in going downwards, as in the example given, 
pressure Jrom witJuyiU is required through the layer. Through 
those layers at which H increases in going dawnwa/rds, either tension 
from vjithoiU, or pressu/re Jrom loUhin, is reqiiired to keep the rib 
in equilibria 

Rule IY. — To find the greatest horizontal thrust, and the 
"point of iTipture," and "angle of rupture." 

Through o, in ^. 81, draw a number of radiating lines, such as 
oCy od, 4&C., parallel to the rib at various points, as C, C, <fec., and 
find, as in Rules I. and III., the lengths of those lines so as to 
represent the thrust along the rib at the several points C, C, <fec. 
The length of the horizontal line, o a, representing the thrust at 
the crown, is to be calculated as in Rule II. Through the points 
a, c, C, (fee, thus found, draw a curve. Find the point, c?, in that 
curve which is farthest from the scale of loads, o h) then the 
horizontal line e? A; = Hq will represent the maximum horizontal 
thrust. 

Join o d, and find the point, D, in fig. 80, at which the rib is 
parallel to o fl?; this is the "point of rupture," or point at which 
the horizontal thrust attains a maximum; and the "angle of 
rupture" is the inclination of the rib at that point, or .^^ o^o a, in 
fig. 81. 

The horizontal plane D F is the upper boundary of that part of 
the spandril which exerts the maximum horizontal pressure Hq. 

Secjtion III. — Stability op Masonry. 



1. PrcoMure of Earth aad IFaler agalniit UTalls. — RuLE I. — The 

Centre ofFresswre of a rectangular vertical plane pressed by a mass 

of water or of earth is at ^ of the total depth down from the upper 

tBFurface of the water or earth. 

Rule II. — The Direction of the Pressure agaiust a vertical plane 
is, for water or a bank of earth in horizontal layers, horizontal; 
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for a bank of earth in oniformly sloping lajerSy it is sensibljr 
parallel to the slope. 

BuLE III. — ^To find the amount of the pressure of water against 
each foot in breadth of a vertical plane; multiply the half-square 
of the total depth hj tibe heaviness of water (62*4 lbs, to the cubic 
foot). 

For the heavineaa o/earth, see page 152. 

The following is a table of natural slopes of earth; but the 
natural slope of earth in engineering works ought, as far 
practicable, to be ascertained by observation on the spot :— * 



EABTH. 



Dry sand, clay, and mixed ( from 

earth, 1 to 

Damp clay, 

Wetctoy, \^ 

Shingle and gravel, | P 

Pe»t. -S^ 



Angto 

ot 
BepoM, 

9 



ai" 

14° 
48' 



Ck>-efflclent 

of 
Friction. 



07S 
0-38 

I'OO 

0-31 
0-25 
I'll 
070 

I'O 

0-25 



Gnstoniaiy 
deaigDfttion of 
Natural Slope: 

1 -7-/t0 1. 



1*33 to I 
2*63 to I 

I to I 
323 to I 

4to I 
0'9 to I 
143 to I 

I to I 

4to I 



The most frequent slopes of earthwork are those called 1| to 1, 
and 2 to 1, corresponding respectively to the co-eificients of friction 
0*67 and 0*5, and to the angles of repose 33^° and 26^^, nearly. 

BuLE lY. — ^To find the amount of the pressure of a bank of 
earth laid in plane parallel layers, against each foot in breadth of a 
vertical plane; multiply the half-square of the total depth by the 
heaviness of the earth; then multiply the product by a ratio found 
98 follows : — 

In fig. S2, from one pointy O, draw two straight lines, O M X 

and O R, making with each other 
the angle M O B = ^, the aogle of 
repose, or natural slope of the earth. 
About any convenient point, M, in 
one of those straight lines, describe 
a semicircle, Y B X, touching the 
other straight line in R. (This may 
be done by describing the dotted semicircle MHO, so as to find 
the point B.) Then 

Case I. — ^If the bank is in horizontal layers, the required ratio ia 

O Y / 1 - sin 




■vvx 



OY / I - sin^ 
OX V"" 1 4. sin ^/ 



99 
99 
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Case IL — If the bank is in layers sloping at the natural slope^ 
the required ratio is 

Case III. — ^If the bank consists of layers sloping at any less 
angle; draw O Q P, making the angle MOP- the actual slope 
of the bank; from P draw P W perpendicular to O P; then the 
required ratio is 

A9 f- .,008^ - ^/( cosg^ - oos^e ) 
O W \" ^® ^ * cos tf + ^(co82 4 - cos2(py 

. in which tf = .^ M O P). 

2. Ii«ad OB Ordloarr FoB«d«ll*wfc— B^^SSSpSI 

First Class: rock, moderately hard; strong as) 

the strongest red brick, j ^ 

rock of the strength of good concrete, 3.0 

rock; very soft, i'8 

Second Class: iirm earth; hard clay; clean dry] 

gravel; clean sharp sand, pre- >from I to 1*5 
vented from spreadiug sideways, j 

Third Class: sofb or loose earth; let ^ be the angle of repose; 
then; 

Rule L* — ^To find the least weight of earth to be displaced by 
the foundation of a building when the load is uniformly distri- 
buted; multiply the total load (above and below ground) by 

/ I - sin (py 
\1 + sin ^/ 

KuLE II.* — ^When the load produces an uniformly-varying 
pressure, to find how far the centre of pressure may safel^ deviate 
from the centre of figure of the base of the foundation ; find the 
centre of percussion of the base relatively to the edge where the 
pressure is to be least (see pages 156, 157), and multiply the dis- 
tance of that centre of percussion from the centre of figure of 
base by 

2 sin 

1 + sin* 

For a rock/oundcUion the value of this multiplier is 1. 

EuLE III.* — In the case referred to in Rule II.*, to find the 
least weight of earth to be displaced by the foundation; multiply 
the total load by 

( 1 - sin g)g 

1 + sin* p * 
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Bulb IY .* — ^la the cna referred to in Rule I.* and idien the 
load above ground alone is given; to find the least weight of earth 
to be displaced by the foundation; let to be the heaviness of the 
earth, and w^ the mean heaviness of the materials with which the 
excavation is to be filled (induding voids, if any); then divide the 
load above ground by 

1 "I- sin 



(1 -I- Bin ^2 tOj 
1 — sin ^/ to' 



BuLE Y. — ^To find the depth of a foundation; divide the weight 
of earth to be displaced by the heaviness of that earth and the area 
of base. 

Least depth to escape injurums effects of frosA = from 3 feet to 
6 feet according to climate. 



Tablv op FmrcnoKs of Angles of Bepose. 



<P IS ao° 

1 + sin ^ 

T ; 1-700 2-039 

1 — sm ^ ' ^^ 

1 — sin ^ 

5 : — 0-588 0-400 

1 + sin ^ *^ ^^ 

(1 + sin ^\2 ^ 
1 - sin 9 ) ^'^^ 4-159 

(1 — sin ^\2 
rrsT^; °*346 0-240 



25° 30° 35° 40° 45' 

2-464 3-000 3-690 4*599 5-826 

0-406 0-333 0-271 0-217 0-172 

6-070 9-000 13-619 21-152 33*94 

0-165 o'lii 0-073 0-047 0*0295 



1 -f sin2 ^ 



2 1*945 2-579 3*535 5ooo 7-310 11-076 17-47 



(1 — sin ^) 
(1 - sin <(f 

2 sin 9 Qc c 

T— - — 5-5- 0-486 o-6i2 
1 + sm* ^ 

tan ^ 0*268 0-364 

cotan ^ 3732 2*747 



0-283 0-200 0-137 0*090 0*057 

0-717 0-800 0*863 0-910 0-943 

0*466 0-577 0*700 0-839 1*000 

2-145 ^732 1-428 1-192 i-ooo 



. 3. TtiMtA ctt m«d VouBdAUoHs. — ^Ordinary working loads on the 
heads of piles: — ^On piles driven till they reach firm ground, 0-45 
ton on the square inch ; on piles standing in soft ground, by Mction, 
0-09 ; ordinary values of greatest load which piles will bear without 
sinking further^ from 0*9 to 1*35 tons on the square inch area of 
head 
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The following are mles applicable to pile-driving:—: 

Let P be the greatest load which a pile is to bear without sink- 
ing farther (in tons); 
W, the weight of the ram iised for driving it (in tons); 
hy the height from which the ram £Bdla (in feet) ; 
l^ the length of the pile (in feet) ; 
X, the depth it is driven by the last blow (in fractions 

of a foot) ; 
S, its sectional area ^n sqnare inches); 
E, its modulus of elasticity. 

(Approximate values of E in tons on the square iuch— elm, 400 
to 600; alder, about 500; beech, about 600; sycamore, about 500; 
teak and sanl, about 1,000; greenheart, 500 to 600.) 

Bulb YL ---Given, all the above quantities except x; then 

X = -^FT- 



4ES- 



The pile must be driven until the additional depth gained by each 
blow, of the energy W k, becomes not greater than a;, as given by 
the above rule. 

Rule YII. — Given, all the above quantities except W A, the 
energy required for the final blow; then 

KuLE VIII. — Giren, all the above quantities except P; then 
-, ^ //4ESWA 4E2S2aA 2ESa: 



4. The i<Mid Bwppi nid hr m Aeraw jpttm in practice ranges from 
3 times to 7 times the weight of the earth whidi lies directly above 
the screw-blade. 

5. iioriB«Htai Beaiattuice of Baitk. — ^Let K denote the resistance 
opposed by a stratum of earth to the pushing or dragging of a 
rectangular plane surface through it horizontally; w, the heaviness 
of the earth; 0, its angle of repose; 6, the breadth of the surface; 
«, the depth to which its lower edge is buried; a', the depth to 
which its upper edge is buried; Xq, &e depth of the resultant of 
the resistance below the upper surlieice of the earth* 

BuLE IX. — To find the resistance; 

-n - 4 tgsin ^ gg - g^ 
"" cos* ^ 2 
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Bulb X.<— To find the position of the restdtant; 

_ 2 (gg - ar») 

6. P f c wfg •r Wtadk— Bulb XI. — ^To estimate the greatest prob- 
able amount of the pressure of wind against a chimney or tower; 
if the edifice is square, take the area of its vertical cross-section; or 
if round, take half that area; and multiply by the greatest known 
pressure of the wind in the neighbourhood against an unit of area 
of a vertical plane surface, as measured by the anemometer. (In 
Britain that pressure is about 55 lbs. on the square foot) 

BuLE XII. — To find the position of the resultant of that pressure; 
find the centre of magnitude of the vertical cross-section. (See page 
83.) If the edifice is pyramidal or conical, divide the difference of 
the outside diameter at the base and top by 3 times their sum ; 
subtract the quotient from 1 ; multiply the remainder by half the 
height of the edifice; the product will be the height of the resultant 
pressure above the base. 

BuLE XIII. — To find the moment of the pressure of the wind; 
multiply its amount by the height of its resultant above the base. 

The calculations described in the above rules should be made not 
only for the whole chimney or tower from the base upwards, but 
for the part above each bed-joint where the thickness of the masonry 
or brickwork diminishes. 

7. Stability of Abntments (Including buttresses, abutments and 
piers of arches, retaining and reservoir walls.) 

BuLE XIV. — To find the greatest deviation of the centre of 
pressure from the centre of figure at any bed-joint, consistently 
with stability of position (that is, safety against overturning). This 
may be called the limiting position of the centre of pressure. 

Case L AhUments and Piers of Arches. — Take as an axis the 
edge of the bed-joint in question from which the centre of pressure 
is to deviate fistrthest; the required position of the centre of pressure 
will be the centre of percussion of the bed-joint corresponding to 
that axis. (See pages 156, 157.) The rules and table in those pages 
give the distance of the centre of pressure from the fi^rthest edge 
of the bed-joint, from which subtracting the distance from that edge 
to the centre of figure of the bed-joint (usually half the whole 
thickness of the abutment), there remains the deviation required. 

Case II. Eetaining Walls, — Greatest deviation of the centre of 
pressure from the centre of figure, as fixed by practical experience 
= from 0*3 to 0*375 of the whole thickness of the wall at the given 
bed-joint. 

BuLE XV. — Given, the load on a bed-joint and the position of 
the centre of pressure; to find approximately the intensity of the 
pressure at the edge to which the centre of pressure is neurest; in 
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Case I. of Eule I. divide twice the load by the area of the bed ; in 
Case IL multiply the breadth of the bed by onc&iitnd'ChhcUf the 
distance of the centre of pressure from the nearest edge of the bed, 
and with the product as a divisor^ divide the load; the quotient 
will be the required intensity. 

The intensity of pressure thus found ought not to exceed one* 
eighth of the pressure which crushes the material of the building. 

KuLE XYI. — To calculate the moment of stability of an abutment 
at a given bed-joint; multiply the weight of the mass of material 
above the bed-joint by the horizontal distance of a vertical linCi 
through the centre of gravity of that mass, from the limiting 
position of the centre of pressure of the bed-joint. 

P.ULE XYIL — To find the proper thickness for an abutment 
with a rectangular horizontal base from the following data : — 

H, the horizontal component, and Y, the vertical component, of 

the thrust to be resisted ; 
x\ the vertical height of the line of action of that thrust above 

the backward edge of the base of the abutment. 
b, the bi-eadth of the abutment; 
hf its height; 

to, the heaviness of its material; 
n, the proportion which its bulk bears to that of the circum- 

sciibed rectangle; so that if ^ be its thickness at the base, 

ntvbhtiaita weight; 
q, the ratio which the deviation of the centre of pressure from 

the centre of figure of the base is to bear to the thickness 

at the basa (See Rule XI Y.) 
r, the ratio which the horizontal deviation of the centre of 

gravity of the abutment from the centre of figure of its base 

is to bear to the thickness at the base; 

make H'^ _A- (g + i)^ _B- 

n{q zt: r)iohb ' 2n {q i±z r)u) hb ' 



using g 4 r if g and r represent deviations in contrary directions, 
and g — r if they represent deviations in the same dii*ection; then 
the required thickness is 

^ = ^ ( A + B2) - B. 

If the thrust to be resisted is wholly horizontal, t =i J A, simply* 
In a vertical solid rectangular abutment n = 1 and r = 0. 

KuLE XYIIL — To find the direction of the resultant pressure 
at any bed-joint; let W = nwbht represent the weight of material 

in the abutdient above that joint; then == ^ is the tangent of 

the angle made by that resultant with the vertical In order that 
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the abatment may possess stabiUfy qfJrusHen {£b£t is, be 8a& 
against giving waj bj the sliding of one course of masomy npooi 
another), the normal to each bed-joint ought not to make a greater 
Kngle with the directiofn ef the resnltant pressure at that joint tbaa 
tlie angle of repose of fresh masonry; that is, from about 25° to 3€i'. 
8honki horizontal bed-joints prove too oblique to the presBore, 
sloping bed-joints may be substituted for th^iL 

Bemark. — In an abutment whidi has to resist a thrust concen- 
trated near one point, the risk d overturning is greatest at the 
baae; but the risk of giving way by sliding is greatest at the bed- 
joint next below the place of ap^ication of the thrust; and it is to 
the latter joint, therefore, that Rule XYIU. is to be applied. 

Rule XIX. — ^To find the proper thickness for a veriicail roct- 
angular retaining toaU, of a height equal to that of the bank which 
presses it. 

lu each case let vf be the heaviness of the earth, ^ its angle of 

repose, and let - be the ratio of the pressure exerted edgewise by 

the layers of earth to their vertical pressure, as found in Rule IV. 
of this section. Also, let h be the height of the wall, to, its heavi- 
ness, and q, ratio of the intended deviation of the centre of pressure 
from the centre of the base to the required thickness t. 

Case I. — ^Bank in horizontal layers: — = = : — : 

•^ ' p 1+ sin^' 

h " V \6qwp)' 
I^^ = |;then| = |.y^(^). 

{For a reaeTVoir-waU, make vf = 62*4 lbs. per cubic foot; and 

E 

P 

Case IL — ^Bank in layers of indefinite extent, at tiie natural 
slope ^; — = 1. 

-, - w' cos2 ^ fe + i) w cos ^ sin ^ - ., 

Make — ^ = a; ^^—t' = ^i ^^^^ 

6 qw 4cqm 

t 



P ) 



S^V"^ 



+ 62-6. 



Case IIL — Bank in layers of indefinite extent, sloping at any 
anele ^ less than 9. Find - by Rule lY. Then make 
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J^ '^ • cos* ^ = a: T— - (?+ i ) - cos ^ sin ^ = J; and 



t , 

^= V a + 6* - &. 

Case lY. — Swrclwrrged TTa^Z.— Bank rises from wall at natural 
slope np to beiglit c abov-e top of wall, or c + 7* above base; and at 
that height has a horizontal npper suiface. Let the thickness, calcu^ 
lated as in Case L, be ^; the thickness, calculated as in Case 11.^ 
t \ and the required thickness, T. Then 

„ _ ht -^ "Lei 
A + 2c • 

The s^enxfth of a retaining wall at its base should be tested by 
Rule XY. of this section, and the stability of friction by Rule 
XYIII. ; and if the latter is found to be insufficient with horizontal 
beds, the beds may be sloped back ; and then the back of the wall 
sbonld be formed into steps, with the rise perpendicular to the 
beds. 

Rule XX. — ^Hiiving designed a vertical rectangular retaining 
wall, to modify its figure without diminishing its stability of 
position. 

The face of the wall may be either battered, stepped, or panelled, 
so long as the centre of gravity of the part taken away does not 
&11 behind a vei-tical Ime through the limiting position of the 
centre of pressure of the base. When the face has a straight or 
curved batter, the beds of the masonry or brickwork may be laid 
perpendicular to the battered face. 

The masonry at the back of the wall may be diminished by steps, 
provided its place is filled with material of equal weight. 

Rule XXL — For retaining walls of uniform thickness which 
lean or overhang backwards, let r be the ratio which the backward 
deviation of the centre of gravity from that of an upright wall is 
to bear to the iMckness ; then put q -h r instead of q in the deno- 
minators of the expressions in Rule XIX., and they will become 
applicable, without material eiTor, to the present case. The beds 
ought to be built perpendicular to the face. 

Rule XXIL — Given, the dimensions of a wall with counter- 
forts ; to find the thickness of a plain wall of equal stability. Let 
t be the thickness and b the breadth, between a pair of counter- 
forts; c, the breadth of a counterfort, and T, the thickness of wall 
and counterfort together. Then the thickness of the plain wall of 
equal stability is nearly = 

\r \ b + c )' 
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8. Mrae aBd Brick ArekM*— BuLS XXIIL— To find the lead 
proper thickneas/ar the arck^ng of a proposed arch ; find the longest 
radius of curvature of the arch; then take a mean proportional 
between (that is, the square root of the product of) that radius and 
a constant whose values are as follows : — 

Foot 

Por an arch above ground^ standing solitary between 
its abutments, o'i2 

For an arch forming one of a series of arches, with 
piers between them, 0*17 

For an undei'ground archway in hard material (such 
as rock or conglomerate), 0*12 

For an underground archway in gravel or firm 
earthy 0*27 

For an underground archway in wet clay or quick- 
sand, 0*48 

BuLE XXIII A. — To find the level up to which the hacking of 
the arch should be built before the centre is struck ; take a mean 
proportional between the radius of curvature of the intrados (or 
inner profile) of the arch at its crown, and the thickness of the 
arch-ring; then lay off the length so calculated vertically down- 
wards from the crown of the tmter surface of the arch-ring. 

Rule XXIY. — For a rough approximation to the horizontal 
thrust of an arch, take the weight of the vertical load that is 
supported between the crown of the arch and that point in the 
arch-ring where its inclination to the horizon is 45°. 

BuLE XXY. — To find a nearer approximation to the horizontal 
thrust of an arch, and also to determine whether a proposed arch 
will have sufficient stability* 

Assume that the load is supported by a linear rt6 coinciding with 
the centre line of the arch-ring, and treat that rib by the method 
of Article 10 of the preceding section, page 178, so as to find its 
maximum horizontal thrust; this will be nearly equal to the 
horizontal thrust of the proposed arch. As to stability, the follow- 
ing cases may be distinguished : — 

Case I. — If the supposed rib is either equilibrated under the 
vertical load alone, or requires horizontal pressure from without 
alone to give it equilibrium, the proposed arch will be stable 
throughout. 

Case II. — If the supposed rib requires horizontal pressure from 
without up to a certain point of rupture only, and above that point 
requires horizontal tension to give it equilibrium, the actual arch 
is stable up to the point of rupture, but above that point it may 
be stable or unstable; and its stability must be further tested as 
follows :— 
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Fig. 8a, 



In fig. 83 let B C A represent one-half of a symmetrical arch; 
K L D E, an abutment, and C, the^'n^ ofrupture^ drawn perpendi- 
cular to the assumed rib at the 
point of rupture. At A, the crown 
of the arch, suppose a vertical 
joint. 

Find the centre of gravity of the 
load between the joint of rupture, 
C, and the crown, A; and draw 
through that centre of gravity 9, 
vertical line. 

Then, if it be possible, from one 
point, such as M, in that vertical 
line, to draw a pair of lines, one 
parallel to a tangent to the assumed rib at the point of rupture, 
and the other horizontal, so that the former of those lines shall cut 
the joint of rupture, and the latter the supposed vertical joint at 
the crown, in a pair of points which are both within the middle 
third of the thickness of the arch-ring, the stability of the arch will 
be secure. 

Shoidd it be impossible to make the pair of points £sJl within the 
middle third of the arch-ring, its thickness must be increased. 

Rule XXVL — ^To adapt Transformed Catenarian curves to the 
figure of an arch of masonry. (See Article 7 of the preceding 
section, page 174.) For the irUrados (or inner profile) of the arch, 
and the extrados (or outer profile) of the arch with its solid back- 
ing, take two transformed catenarian curves with the same 
directrix and parameter. For the extrados of the whole load 
(being usually the profile of the platform or roadway), take either 
the horizontal directrix itself, or a third and flatter transformed 
catenary with the same directrix and parameter. To find ap- 
proximately the hortzonial thrust; multiply the square of the 
parameter by the mean load per square foot area of spandiil (allow- 
ing for the voids, if any, between the spandril walls); and then 
multiply the product by the ratio in which the depth from the 
platform to the crown of the intrados is greater than the depth 
from the directrix to the middle of the depth of the keystone. 

BrTJLB XXYIL — ^To adapt the figure of the hydrostatic rib to an 
arch of masonry. (See Article 9 of the preceding section, page 
177). For the intrados take the figure of the hydrostatic rib, and 
make the arch-stones of an uniform thickness, determined from the 
radius of curvature at the crown by Rule XXIII. of this Article. 
The thrust will be nearly the same as in a supposed linear rib 
coinciding with the intrados, and under the same load. 

Rule XXYIII. — To find the resultant horizontal thrust against 
a pier that stands between two equal arches, when one is loaded 
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with a travelling load in addition to its own weight, and the other 
with its own weight only; multiply the travelling load per unit of 
span by the mdius of curvature of the centre line of the arch-ring 
at its crown. 

BuLE XXIX. — To represent approximately the amount and 
distribution of the load upon any pai*t of the centre (or temporary 
framing) which supports an arch in progress of construction. 

Case I. Circular Arch, — In &g, 84 let O A be the radius of 
the intrados, and A ]& a circular quadrant of which the intrados 
forms the whole or part. Conceive that the ?uilf of the radius A O 
represents the weight of the arch-ring per foot of intrados. 

Let C be the point up to which the arch-ring has been built; 
and let it be required to iind the amount and distribution of the 
load on the part C D of the centre. 

From C draw C E 11 A O; bisect C E in F, from which draw 

F H|| O B; diuw D G || A O; 

^ — 1^ ^-ntflfil^ *^®^ ^^^ ^ represent the noimal 
^^fl !^i1?^ pressure on each lineal foot of the 

j^lJBj iZlllL_d!£ijg outer surface of the centre at the 
/^ f ^ k point D; and the shaded' area, 

t ! J ( 1 1 C B G F, will represent the verti- 

cal component of the load on the 
centre between C and D, both in 



B S O B Is O 

Fig. 84. Fig. 85. 

amount and in distribution. 

The point ,H is that below which the arch-stones cease to presft 
on the rib, when the arch has been built up to the point C. 

The case in which the rib is completely loaded, the arch being 
finished all but the keystone, is represented by ^g, 85. Bisect 
the vertical radius A O in K, and conceive A K to represent 
the weight per foot of intrados; draw K L || O B; L will be a 
point below which the stones do not press on the rib (supposing 
the arch to extend so far). Let D be any point in the 
intrados; di*aw D M || A O; then D M represents the normal 
pressure on the centre per foot of intrados at D, and the shaded 
area M D A K represents the vertical component of the load on 
the centre between A and D. 

Case II. N'oTircircular Arch. — Find the two points at which the 
intrados is inclined 60° to the horizon; conceive a circular arc 
drawn through them and through the crown of the intrados, and 
proceed as in Case L 
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PAET VI. 

TABLES AND EXILES RELATING TO THE STRENGTH 

OF MATERIALS. 

Section I. — ^Tables. 

Table I a. — Tenacitt of Wrought Ibok Am) Steel. 

TWMi.^^t{». «# \r.»<.*t.i Tenacity in Iba. per Sgiure Inch. mtinutte 

Dcacription of MateriaL LengSiwifle. Croiswiae. Extension. 

Malleable Iron. 

Wire — very strong, ) -.*. 

charcoal;. .!! | "^'°°° ^«- 

Wire — average, 86,000 T. 

Wire — weak, 71,000 Mo. 

Yorkshire (Lowmoor),... 64,200 F. 52,490 F. 

„ from 66,3yo) ^ ro-20 

to 60,075 J • (0-26 

YorksMre (Lowmoor) "j 

and Staffordshire > 59,740 F. o'2 to 0*25 

rivetiron, ) 

Charcoal bar...... 63,620 F. o*2 

Staffordshire bar^... from 62,231) -^ f '302 

to 56,715/ 1-186 

Yorkshire bridge iron,... 49i930 F. 43,940 F. "04; '029 

Staffordshire bridge iron, 47,600 F. 44,385 "04; •036 

Lanarkshire bar,... from 64,795 ) -j^- 

to 51^327 J ' 
Lancashire bar, from 60^ 1 1 o ) -^ 

to 53,775 J ' 

Swedish bar, from 48,933 ) ^ 

to 41,251/ • 

Russian bar, from 59,096) -^ 

to 49,564/ 

Bushelled iron from) ^^ Oi-o -w 

turnings, .j 55,878 N. 

^Hammered scrap, «..^... 53,420 N* 

Angle-iron from ) from , >6 1,260 ) -m- 
various districts, / to "50,056 J 
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Table — eontintted. 

Tenacity In lbs. per Square In<dL 
LengthwiBo. OroiSfrlfle. 



Description of liateriaL 

Straps from vari- ) from 55^937 ) %t 

ous districts, ... J to 4i>386 j • 

Bessemer's iron, cast ) ^^ 

ingot, f ^^'^^^ ^' 

Bessemer's iron, ham- \ ^^ ^.^ m 

mered or rolled,.... J ' > 43 
Bessemer's iron, boiler 



{ 



Ultimata 
EztensiOD. 



•io8 

•048 



plate, 



68,319 W, 



Yorkshire plates,... from 58,487 ) ^55*033) ^ 

to 52,000 J • 46,221 j 

Staffordshire plates, from 56,996 ) ^ 5h^S^ 

to 46,404/ • 44,764/ 



Staffordshire plates, ) 



best-best, charcoal 

Staffordshire ) from 59,820 

plates, best-best, j to 49,945 

Staffordshire plates, best, 6 1, 280 

Staffordshire plates, ) -^ q^q 

common, J ^ ' 

Lancashire plates, 48,865 

Lanarkshire plates, from 53,849 ) -^ 48,848 ) -^ 

to 43,433 J 39,644) 

Durham plates, Sh^iS ^' 46^7x2 



010 F. 41,420 

F. 54,820 
F. 46,470 
F. 53,820 

F. 52,825 
F. 45,016 



F. 



{ 



p. 

F. 
F. 

F. 

F. 



{ 



•109; -059 
•170; -113 
'O4; -034 

•13; '059 

•05; •045 

•05; -038 
•067; '04 

•077; '045 

•05; 'O43 

•043; '028 
•033; -014 
•093; '046 
'089; '064 



Effects of Reheating and RoUing, 

Puddled bar, 43,904l 

The same iron five] 

times piled, reheated > 61,894 

and rolled, j }• 0« 

The same iron eleven \ 

times piled, reheated > 43^904 

and rolled, j 



Strength of Large Forgmgs, 

Bars cut out of ) from 47,68a ) j^ 44,67^ 
large forgings, j to 43,759 J ' 36,824 



{ 



•231; •i63 
*205; *o64 



M. 



tkhacutt of ibon and steel 
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Description of MateriaL 

Steel and Steely Iron. 

Cast steel bars,rol- ) from 132,909 ) 
led and forged, f to 92,015 j 

Cast steel bars, rolled ) , ^^ __^ 
and forged,.. / '30,ooo 

Blistered steel bars, ) tqa 208 
rolled and forged . . . , J ^' ^ 



Table — cantintied. 

Tenacity In lbs. per Square Inch. 
Lengthwise. CrosBwisei 



Shear steel bars, rolled ) g gg 

and forged, / '^ 

Bessemer^s steel bars, I g 

rolled and forged,... J '^ 

Bessemer*s steel bars, ) 

cast ingots, j 

Bessemer's steel bars, ) 

hammered or rolled, J 
Spring steel bars, ham- ) 

mered or rolled, .... J 
Homogeneous metal) 

bars, rolled, j 

Homogeneous metal ) ^ 

ba«, rolled, } 93,ooo 

Homogeneous metal ) q^h^j^ 

bars, forged, J ^*' ^ 

Puddled steel) - »., .0. \ 



63,024 
152,912 

72,529 
90,647 



K 
R 
N. 
N. 
K 
W. 
W. 
N. 
N. 
F. 
N. 



Paddled steel bars, ) 

I,... / 



90,000 F. 



Ultimate 
Extension. 



{ 



•052 
•153 



•097 
•135 

•OSS 



•180 



•137 



{ 



•119 

•191 
•091 



rolled and forged. 

Puddled steel bars, ) ^^ *rH/» ivr 
rolled and forged,. . . / ^^'^52 m. 

Mushet's gun-metal, 103,400 F. 

Oast steel plates,.... from 96,289) ^^ 97)3^8 I -ig- 

to 75,S94i '^•69,082; ^• 
Cast steel plates,... hard, 102,900 ) -^ 

soft, 85,400 J 
Homogeneous metal ) ^ g 

plates, first quality, • ^ ' 
Homogeneous metal 
plates, second quality. 
Puddled steel ) from 102,593 ) ^g. 85,365 ) ^^ 

plates, j to 71,532/ ^^'67,686/ ^^' 

Puddled steel plates,.... 93,600 F. 

o 



{ 



[^j- JM08) I3,5So) I 



0*034 

•198; '196 

•031 

•031 

•o86j '144 






•059; '032 

•028; '013 
•082; "057 
0-125 



19i SnUCNOKH OF HATEREMJK 



Table — comiinvjedi 

n...Mj,.M/«« «# iir««A«f .1 Tenaelty la lbs. per Sqnsre Inch. TTIfimatv 

Description of MftteriaL Lengthwise. GsosftwiBa. KxtenBifflfc 

Coleford Gun-metal. 

Weakest, 108,970] 'ipo 

StroDgest, 160,540 > F. '030 

Mean of ten sorts, 137^340 j 'o?^ 

In the preceding table the following abbreviations are nsed for 
the names of authorities : — 

C, Clay; F., Fairbaim; H., Hodgkinson; M., Mallet; Mo., 
Morin; N.,* Napier & Sons; K, Bennie; T., Telford; W., 
Wilmot. 

The column headed "Ultimate Extension" gives the ratio of the 
elongation of the piece, at the instant of breaking, to its original 
length. It furnishes an index (but a somewhat vague one) to the 
ductility of the metal, and its consequent safety as a material for 
resisting shocks. 

When two numbers separated by a semicolon appear in the 
column of ultimate extension (thus '082; '057), the first denotes 
the ultimate extension lengthwise, and the second crosswise. 



Table Ib. — Resilience op Iron and Steel. 

Me.alunaerTens.0. ^,^- ^^^ ^^oT^^^ ^^^ 

Cast iron — ^Weak, i3>400 4)4^7 14,000,000 i'425 

„ Average, 16,500 5,500 17,000,000 i'78 

„ Strong, 29,000 9,667 22,900,000 4'o8 

Bar iron — Good average, .. 60,000 20,000 29,000,000 1379 

Plate iron — Good average, 50,000 16,667 24,000,000? ii*57? 

Iron wire — Grood average, 90,000 30,000 25,300,000 35*57 

Steel — Soft, 90,000 30,000 29,000,000 3 1 '03 

„ Hard, 132,000 44,000 42,000,000 46*10 

In the above Table of Resilience the working tenacity is for a 
*'dead" or steady load. The modulus of resilience is calculated 
by dividing the square of that working tenacity by the modulus of 
elasticity. 

* The experiments whose extreme results are marked N. were condncted 
for Messrs. R. Napier & Sons by Mr. EirkaXdy, For details, see TraMoyc- 
tions of the Jnstituiion of Enginsera in ScoUandf 1858-59; also KirkaLdy On 
the Strength of Iron and Steel, 
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I. 

Table of the Besistance of Matebiaui to Stiuetchino ajxo 
Teabinq by a Dihect Pull, in pounds avoirdupois per aqucvre 
inch, 

rp .. Modulus of 

ienacity, Elasticity 

Materials. or Besistance to ^^ Reaistanbi to 

rearing. Stretching. 

Stones, Natural and Abtificzal: 

Brick, > o . 

Cemeit, | '^ ^ 3oo 

Glass, 9)400 8,000,000 

Slate / ^'^°° 13,000,000 

' (to 12,800 to 16,000,000 

Mortar, ordiiiary^ 50 

Metals: 

Brass, cast, 18,000 9,170,000 

„ wire, 49,000 14,230,000 

Bronze or Gun Metal (Coppw 8, ) , 

rj^ i)^ ............./ 36,000 9,900,000 

Copper, cast, 19,000 

„ sheet, 30,000 

„ bolts, 36,000 

„ wire, 60,000 17,000,000 

T X • Ti.' f 13,400 14,000,000 

Iron, cast, vanous qualities, < . ^zrZ^^ 4.^ «^/^^^^^^^ 

' ' ^ ^ (to 29,000 to 22,900,000 

„ average, 16,500 17,000,000 

Iron, wrought, plates, 5 1,000 

„ joints, double rivetted, 35,7 00 

,y „ single rivetted, 28,600 

„ bai-s and bolts, | ^^ 70,^000 } 29,000,000 

„ hoop, best-best, 64,000 

{70,000 ) 
J. f 25,300,000 

to 100,000 J ^'*^ ' 

„ wire-ropes, 90,000 15,000,000 

Lead, sheet, 3,300 720,000 

steel bars, { 100,000 29,000,000 

* \ to 130,000 to 42,000,000 

Steel plates, average, 80^000 

Tm, cast, 4,600 

Zinc, 7,000 to 8|00O 
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T^^sS^ Modulus of 

M ATmiAU. or Be«staooe to ^ ResiatanS to 

Teanng. Stretching. 

TniBEB AND OTHER ORGANIC FiBRE: 

Acada, iaUbse, See " Locust" 

Ash (Fraxinua excelsior), 17,000 1,600,000 

Bamboo {Bambuaa aruridinacea), 6,300 

Beech. {Fctgtu sylvatica), ii>5oo 1,350,000 

"Bach {Beiiila cdba), 15,000 1,645,000 

Box {Buocus sempervirens), 20,000 

CedarofLebanon(CWn£«Zt&ani)y 11,400 486,000 

Chestnut {CaOanea Vesca)^ | ^ l^'^ } 1,140,000 

Elm (Ulmua campestris), ( . 7oo»ooo 

^ ^^ '' 14,000 ( to 1,340,000 

^iB^Vme(Pinu8 8ylve8t^\ |. "'°°^ , 1,460,000 

\ ^ ^* I to 14,000 to 1,900,000 

« Spruce {Ahi^ exceUa), ^^^^^ { ^ \]tTo^ 

„ JjB^h (Larix Ewvpcea), L ^'"^ , 900,000 

„ AM^xx y^wrt^ ^wrc^jpi«*;, -^ ^ I0,000 tO I,36o,000 

TbkwthoTn{Crata!giuOxy(iccm^), 10,500 

Hazel (fJorylus AveUana), 18,000 

Hempen Cables, 5,6oo 

Holly (Jlex Aquifolvum), 16,000 

Hornbeam (Carpinus Bebultut), . . . 20,000 

Laburnum {Cytisus Labv/rnwnC)^ 10,500 

Lancewood {(xiuxUeria virgcUa), 23,400 

Lignum- Yit® {Otuxiacuan offusir ) ^ 

ncUe), J ^^' ^® 

Locust {Eobinia Fietida-Acacia), 16,000 

MsJaogjBLny {Stoietenia Mahagom), < . ^t'soo i 1,255,000 

Maple {Acer campestrid), 10,600 



Oak, European {Quercua sessili- ( 10,000 1,200,000 

JlarasindQriercu8pedi4/nciU<Ua)y ( to 19,800 to 1,750,000 

,, American Bed (Qtiercvs ) ^ ^ 

rubra), ..T. / ^^'^^o 2,150,000 

Saul {Shorea robusta), 10,000 2,420,000 

Sjcajaoj^AcerPeeudo-FlcUarms), 13,000 1,040,000 

Teak, Inoian {Tectona grcmdis), 15,000 2,400,000 

„ A&ican, (?) 21,000 2,300,000 

Whalebone, 7,7oo 

Yew (Taocus bacccUa)^ 8|000 
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II. 

Table of the Resistance of Materials to Shearing and 
Distortion^ in paimds amwrdwpoia per sqva/n inch. 

_ . . Transverse 

Resistance Elasticity, 

MATKBIAL8. to ^^ Resistance to 

Metals: Sheanng. Distortion. 

Brass^ ivire-drawn, S^SS^t^^^ 

Copper, 6,200,000 

Iron, cast, 27,700 2,850,000 

1 ^ - f 8,500,000 

„ wrought, 50,000 1 ^^ ^'S^^^^^ 

Timber • 

Fir'rRedPme, 500 to 800 {^,^1'^ 

„ Spruce, 600 

„ Itfirch, 970 to 1,700 

Oak, 2,300 82,000 

A.8h and Elm, 1,400 7^}000 



III. 

Table of the Besistance of Materials to Crushing by a 

Direct Thrust, in poumda a/v<yirdiipoi8 per square inch. 

Resistance 
Materials. to 

Cmshing. 

SioNES, Natural and Artificial: 

Brick, weak red, 550 to 800 

„ strong red, 1,100 

„ fire, i>7oo 

Chalk, 330 

Granite, S^Soo to 11,000 

Limestone, marble, 5^500 

„ granular, 4,000 to 4,500 

Sandstone, strong, 5>5oo 

y, ordinary, 3>3oo to 4,400 

„ weak, 2,200 

Bubble masonry, about four-tenths of cut stone. 

ICecALs: 

Brass, cast, 10,300 

Iron, cast, various qualities, 82,000 to 145,000 

ff „ average, 112,000 

„ wrought^ about 36,000 to 40,000 



I9B anmaiR ariiawBiAUL 



BcristaacB 

llATSBUUi. to 

Cnwhing. 
TiMBBRf^Dry, cnuhed along tiie grain: 

Athf 9,000 

Beech, 9f3^o 

"Bitdif 6,400 

Blae-Gum {Etuxdi/pius Globulus), 8,800 

Box, 10,300 

Ballet-tree (Achraa Sideroxt/lon), 1 4,000 

Oabacalli, 9t9oo 

Cedar of Lebaaon, 5,860 

Ebony, West Indian {Br^a Ehenus), 1 9,000 

Elm, 10,500 

Eir: Red Pine, 5i375 to 6,200 

y, AnierieanTellowPine(Ptnt««i?arui^i9), 5j40o 

„ Larch, 5,570 

Hornbeam, .' 7)300 

lignum-Yitae, 9>9oo 

Mahogany, 8,200 

Mora {Mora excelsa), PyPoo 

Oak, !British, 10,000 

„ Dantzic, 79700 

y, American Bed, ..• 6,000 

Teak, Indian, 12,000 

Water-Gum (Tristcmia neri/olia), • • • 1 1,000 



IV. 

Table of the Eesistange of Materials to BsEAKurG Axjboss, 

inpounds avoirdupoia per sgtuMre inch. 

-Bematance to Breakings 

llATSBXALi. or 

Modnlns of Bnptare.t 

49taoNE8: 

Sandstone, • • ••••« i^ioo to 2,360 

Slate, 5,000 



* The renstances stated an for drjf timber. Green timber U jmtdh wtcbv, having 
■ometimes only half the stren^h of diy timber against cnubing. 

f The moduns of ruptnre is eighteen times the load which is reqmred to 'break a bar 
of one inch square, supported at two points one foot apart, and loaded in the middle 
between the pointB of support. 
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tobiMUngi 
Matbbzau. or 

ModnlDft of Bnpture. 

IIbtals: 

iron, cast, open-onrork beams, ayerage, 17,000 

„ „ Bolid rectaTigniar tiara, var. qualities, 33,000 to 4 3,500 

»> » 99 99 average, 40,000 

,, "wrought, plate beams, 42,000 



Ash, 12,000 to 14,000 

Beech, 9,000 to 12,000 

Bireh, 11,700 

Blue-Gum,.*.. 16,000 to 20,000 

Bullet-tree, 15,900 to 22,000 

•Oabacalli, 15,000 to i6,o«o 

Cedar of Lebanon,.... 7)400 

Chestnut, , 10,660 

Cowrie {Damma/ra amtralis), 11,000 

Ebony, West Indian, 27,000 

Elm, , 6,000 to 9,700 

.(Eir: Bed Pine, 7,100 to 9,540 

„ Spruce, 9,900 to 12,300 

„ Larch, 5,000 to 10,000 

Greenheart {Nedtamdra Bodicei), 16,500 to 27,500 

Lancewood, 17^350 

liignum-YitsB, 12,000 

.Xocust, ..•• .11,200 

Hahogany, Honduras, 11,500 

„ Spanish, 7,600 

Mora, 22,000 

Oak, British and Bussian, ....10,000 to 13,600 

„ Dantzic, 8,700 

„ American Bed, 10,600 

Poon, 13^300 

Saul, • , 16,300 to 20,700 

Sycamore, 9,600 

Teak, Indian, 12,000 to 19,000 

„ AMcan, 14,980 

Tonka {Dipterffx odorata), 22,000 

"Water-Gum, 17*460 

Willow (JSaliXf Tarious specie8}|.. ^... 6,600 
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STBEirOTH OF MATERIALS. 



y. — SUPPLEMENTART TABLES FOB WbOUGHT IbON AKD StEEL. 

Mean results of experiments by W. H. Barlow, Esq., F.RS. : — 



TenaeitT. 
Lbfl. on the 
Bqnarelnch. 

Puddled steely specimen I.,... 9Sy^33 
„ specimen II.,... 116,336 

'l . . '* 1 101,753 

cast in mgots, J "*^*' 

Puddled steel, specimen III., — 

„ specimen lY., — 

„ specimen V.,.. — 

Homogeneous metal, 100,994 

Steely iron, ^, 69,456 



Proof Strengtb, 
Transyenely 

Loaded. 

Lba on the 

Square Inch. 



60,000 

63,750 
52,500 

57,500 
52,500 



Modultifl of 
Elasticity 

under Trans- 
verse Load. 
Lba on the 

Square In<^ 



62,500 22,964,000 



20,544,000 
24,802,000 
22,846,400 

23>833,6oo 
22,846,400 



Weight of a cubic foot of puddled steel, 485"5 lba ; of steely 
iron, 483*6 lbs. (See the Engineer of 3d January, 1862.) 

strengUi of €oid-iroiicd Iron. — ^The following results were obtained 
in some experiments by Mr. Fairbairn on the tenacity of iron. 
(See Manchester Transactional 10th December, 1861.) 



Tenacity. Ultimate 

Lhe. i>er Square Inch. Extension. 

Black bar, 58,627 *2oo 

Same bar iron, turned, 60,747 -220 

Same bar iron, cold-rolled, 88,229 '079 

Cold-rolled plate, 114,913 

Mean results of experiments by M. Tresca on bars cut out of 
cast steel boiler plates. 

Tenacity. Limit of Elasticity. Modnlnsof 
Lbs. on tiie Lbs. on the Elasticity.— Lba. on 

Square Inch. Square Inch. tiie Square Inch. 

Hard steel, untempered,... 74,300 36,000 29,500,000 

„ tempered, 103,000! 71,900? 27,300,000 

Soft steel, untempered,... 81,700 34, 100 24,500,000 

„ tempered, 121,700 105,800 28,300,000 

The column headed '' limit of elasticity" gives the tension up to 
which the elongation was sensibly propoi*tional to the load. The 
results marked (?) are doubtful, because of discrepancies amongst 
the experiments of which they are the means. 
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YI. — SUPPLEMENTABY TaBLB FOB OaST IbOXT. 



Kinds of Iron. 



No. !• Cold blast, ^^^^ 

No. 1. Hot blast, ^^^ 

No. 2. Cold blast, |^®™ 

No. 2. Hot blast, |J^°™ 

No. 8. Cold blast, |[^^™ 

No. 3. Hot blast, |j^°™ 

No. 4. Smelted by coke) 
without sulphur, ) 

Toughened cast iron, ]Jq^ 

No. 3. Hot blast after first 
melting, 

No. 3. Hot blast after 
twelfth melting, 

No. 3. Hot blast after 
eighteenth melting, ... 

Malleable cast iron, 



Direct 
Teoaci^. 



12,694 
17,466 

13434 
16,125 

13,348 

18,855 

13,505 
17,807 
14,200 
15,508 
15,278 
23,468 



23,461 
25,764 



48,000? 



Besistanoe 
to Direct 
Cnuhizig, 



56,455 
80,561 

72,193 

88,741 

68,532 

102,408 

82,734 
102,030 

76,900 

115,400 

101,831 

104,881 



129,876 

"9,457 
98,560 

163,744 
197,120 



Modulus of 

Boptnre 

of Square 

Bara 



36,693 

39,771 
29,889 

35,316 

33,453 
39,609 

28,917 

38,394 
35,881 

47,061 

35,640 

43,497 

41,715 



39,690 
56,060 

25,350 



Modulus 

of 
Elasticity. 



4,000,000 
5,380,000 
1,539,000 
5,510,000 
2,586,000 
7,036,000 
2,259,000 
6,301,000 
4,281,000 
22,908,000 
15,852,000 

22,733,000 



It is to be understood that the numbers in one line of the pre- 
ceding table do not necessarily belong to the same specimen of iron, 
each number being an easireme result for the kind of iron specified 
in the first column. 



YII. — Bbsistance of Timber to TwisnNG. 

Modulus of Buptnre Modulus of Tran»* 

by Wrenoliiug. yerse Elasticity. 

/ O 

Lbs. on the Square Lbs. on the Square 

Inch. Inch. 

Bed Fine of Prussia, i>540 116,300 

„ of Norway, 950 61,800 

Elm, i>39o 76,000 

Oak (of Normandy), 2,350 82,400 

Ash, 1,460 76,000 



202 snuooiTH x>f matebialsl 



Till. 

SUFFLEHENTABY TaBLE OF FbOFEBTIES DF TdCBEB QBOWV IK CeTLOH ; 
BBLECTED ASD COKFCTED FBOM A TaBLE OF THE PsOFERTIES OF 

smETY-six xnDDS OF Tddbbb by Moduab Adbiak Mendis. 

Uodnliudf Hoduliiaof xnrmi^jh^-^m 

AiMHB. lbi.onthe lbs. «n the in^il 

Sqnaie Inch. Square Inch. 

Aludel {Artoearpna pubeaeens)^.,. lyS^Q/soo 12,800 51 

BuTute {GMoroxyhn Swietenia), 2,7oo,t}oo 18,800 55 

Oaba Milile (Fi^ea^a^^isftmaf),... .2,000,-000 13,900 56 
Caluvere. See " Ebony." 

Oos {Artoctarpus inieffri/blia), 1,810,000 11,000 42 



^^^),?!!r".??!!^} ''360,000 13^ 7x 

Hal Millie (Berrya AmmomUa\ 970,000 15,200 48 
Ironwood. See " Kaw." 
Jack. See " Cos." 

Mee (Bassia longifolia), 1,880,000 13,000 61 

Meean MHile (FttesBomsnma),... 2,040,000 14,200 56 

Naw {Mesua Nagaha\ 2,580,000 17,900 .72 

Palmira. Bee « TaL" 

Faloo (if imu^q^Adaxmdra), •••... 2,430,000 .18,900 ./18 

Satinwood. See *' Burute." 

Sooriya (Tkespena populea\ 2,6 10,000 * i^,f 00 42 

Tal (BoriUiusJlakdlifcrmia)^^ 2j8iJO,ooo 14,700 65 

Teak {TeotoTia grandis), 2,800,000 14,600 55 

Additional Data fbok thx Ezpebiments of Caftaut Fowke^ 
K.R, Captain Mayne, RE., and Modliab Mendos. 

Teak from Johore (Malay Beninsola), T9,4oo 

Teak from Cochin-China, 1,990,000 12,100 44 

Teak from Moulmein, 1,900,000 11,520 42 

Australia,....:. } 964,000 24,400 64 

Iron-bark, rough-leayed, 1,157,000 92,500 '64 

Jarrab, or "Australian Mahos- ) ^^ a 

»nj" (Eucal}/ptus-r, ../ ^.^Sy.ooo 20,238 £9 

Strinsy-bark (Euccdypbus gir} ^ ^ 

,a^) from AustiiL, ...... / i,7o9,ooo 13,000 ^4 
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rX-^SUTSLEUENTABY TaBLE FOB SlOHX^ LdCE, AND CeHENT.* 

Oroahinff StroBs In lbs. 
on the Sqoftre Inch. 

Granwacke from Penmaeimiaur^ 169893 

Basalt, Whinstone, ii»97o 

Granite ^Mount Sorrel), 12,861 

„ (Argyllshire), io,9i7 

Syenite (Mount Sorrel), 11,820 

Sandstone (Strong Yorkshire, mean of 9 experi- 
ments), • • 9)824 

. „ (weak specimens, locality not stated), 3,000 to 3,500 

Liimestone, compact (strong), 8,528 

„ magnesian (strong), 7>o98 

» » (weak), 3,050 

The above are from experiments by Mr. Fairbaim. 

Mr. Fairbaim's experiments further show that the resistance of 
strong sandstone to crushing in a direction parallel to the layers, is 
only six-sevenths of the resistance to crashing in a direction perpen- 
dicular to the layers. 

The hardest stones alone give way to crushing at once, without 
previous warning. All others begin to crack or split under a load 
less than that which finally crushes them, in a proportion which 
ranges from a fraction little less than unity in the harder stones, 
down to about. one-Ao^ in the softest. 

A Year ato a Half afteb Mixtube. ^n^SSiq^™ iL°ch* 

Mortar of Lime and Kiver-Sand, 440 

„ „ „ beaten, 600 

Mortar of Lime and Pit-Sand, 580 

„ „ „ beaten, 800 

Hydraulic Mortar, of lime and pounded tiles,... 680 
„ „ „ beaten, 930 

Beton, or concrete, of mortar and broken flints, 420 

Sixteen Years after Mixture, the increase of strength is in 
the following proportions : — 

For common mortar, ••• i-8th. 

For hydraulic mortar, i-4th. 

Six Months after Mixture. i.b8.<m 

the 

Adhesion of common mortar to compact lime- Sq. in. 

stone, 15 

Adhesion of common mortar to brick, 33 

* See page 305. 
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One Yeab afteb Mixture. J^b^^ 

€k)od hydraulic lime^ 170 

Ordinaiyhydranliclime, < ^"^ ** ^^^ 

Hich lime, •• «.... 40 

Good hydraulic mortar 140 

Ordinary hydraulic mortar, • 85 

Good common mortar, 50 

Bad common mortar, 20 

Cement from chalk lime and blue clay, a few 

days after mixture, 125 

Portland cement (from compact limestone and 

clay) 30 to 50 days after mixture, 1,200 to 1,550 

X. — Miscellaneous Supplementary Table. 



MaterlaL 



Cast steel bar, 

Charcoal iron wire, 

Iron wire rope, 

Iron bar, strong, 

Boiler plate, strong, 

Teak wood, 

Deal, 

Hempen rope, hawser-) 

laid, j* 

Hempen rope, cable-laid, 

Silken thread, < 

Flaxen thread, 



DImenBiQiiB. 



I m. X I in. 
area i sq. in. 
girth 1*27 in. 

I in. X I in. 
area i sq. in. 

I in. X I in. 

I in. X I in. 

girth I in. 

girth 10 in. 

area 0*000115 

sq. in. 

unknown. 



Tearing 

Load, 

lbs. 



I 



130,000 
100,000 
4,480 
60,000 
50,000 
15,000 
12,000 

1,050 

67,200 

6 
6 



Lengtiiof 

lib. weight, 

in feet 



I 



©•297 

o'3 
6*o 
o*3 
o*3 
3*o 
4-0 

26*0 

0*279 

19,950 

15.833 



Tenaoliy In 

feet of the 

MaterioL 



38,610 
30,000 
26,880 
18,000 
15,000 
54,000 
48,000 

27,300 

18,750 

119,700 

95,000 



Modulus of elasticity of silken thread; 
3,000,000 feet of itself = 1,300,000 lb& on the square inch. 

Modulus of resilience of silken thread; 

473 foot-lbs. for a cord weighing 2 lb& ; or 

205 foot-lbs. for a cord 2 feet long x 1 square inch area. 

The tenacity of silk-worm gut, in lineal feet of itself^ is about 
the same with that of silken thresid. 
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HoYAL Navy Canvas. 

Mmh of Nor. Mean of Noa. 
1, 2, 8, 4, fi, and 6. 7 and & 

Tenacity of warp in lineal feet of canvas, 21,552 27,200 

Tenacity of weft in lineal feet of canvas, 30,788 32,000 

Mean tenacity of the flaxen yam in lineal 

feet of itself, being the sum of the 

tenacities of the warp and weft, 52,340 59,200 

(The above are from the Trans, oftli/e InstUtUion o/Enffineera in 
Scotland for 1865-6, on the authority of Professor Kankine, Mr. 
Peter Carmichael, and Mr. John P. Smith.) 

Aluminium bronze contains from 5 to 10 per cent, of aluminium, 
and from 95 to 90 per cent, of copper. 

Its mechanical properties are as follows, according to Mr. John 
Anderson, of the Woolwich Gun Factory : — 

Specific gravity, 7 *68 ; heaviness, 480 lbs. per cubic foot. 

Tenacity, 73,ooo lbs. per square inch. 

Resistance to Crushing, 132,000 lbs. per square inch. 

Cast steel in small blocks; resistance to crushing, 
in lbs. on the square inch, according to Mr. 
Fairbaim, 269,000 



Section II. — Eules. 

1. FacMn of Safetj and Modali of Strength i^- 

DeadLoad. Live Load. 

Factors of safety for perfect materials and ) 

workmanship, J ^ 

For good ordinary materials and workman- 
ship: — 

Metals, 3 6 

Timber, 4 to 5 8 to 10 

Masonry, 4 8 

A dead load on a structure is one that is put on by imperceptible 
degrees, and that remains steady; such as the weight of the 
structure itself. 

A live load is one that is put on suddenly, or accompanied with 
vibration; such as a swift train travelling over a railway bridge, 
or a force exei'ted in a moving machine. 

Rule I. — Given, the proportions of live and dead load on a 
structure; to find the finctor of safety for the mixed load; multiply 
the factor of safety for a dead load by a number proportional to 
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the dead part of the load, and the factor of safety for a live load 
by the number proportional to the live part of the load; add 
together the products, and divide by the sum of the multipliers. 

Example. — In an iron bridge, suppose dead load : live load 
: : 5 : 4; then (3 x 5) + (6 x 4) = 39; and 39. - (5 + 4) = 4J, 
factor of safety for mixed load. 

E.ULE II. — Given, the breaking load of a piece of material; 
to find the proof load; divide by the factor of safety for a dead 
load. 

BuLE III. — Given, the intended working load on a piece of 
material; to find the least proper breaking load; multiply by the 
proper factor of safety as found by !Eule I. 

E.ULE lY. — To find the toorking modidug or oa>effident of strength 
of a given piece of material; divide the modulus or co-efficient of 
tUtinuUe strength by the proper factor of safety. (The co-efficients 
in the tables of the preceding, section relate, vrith a few exceptions, 
to ultimate strength, or breaking load.) 

2. iTniibrai Tenaton.— E.t7LE Y. — To find the intensity of the stress 
on a bar bearing a tensile load; divide the load by the sectional 
area of the bar. 

Rule YI. — To find the breaking load, or the loorking load, of a 
bar subjected to tension ; multiply the sectional area of the bar by 
the modulus of ultimate or working tenacity, as the case may 
be (having due regard in the latter case to the proper factor of 
safety). 

Rule YII. — To find the sectional area of a bar to bear a given 
load ; divide the load by the proper modulus. (See Rule I Y.) 

Rule YIII. — To find the proportianaie extension of a stretched 
bar; divide the intensity of the tensile stress by the ^^ modulus oj 
elasticity. ^^ (See Tables.) 

To find the elongation; multiply the length of the bar by the 
proportionate extension. 

N.B. — This Rule holds only when the load is not beyond the 
proof strength of the material. In applying it to a live load, that 
load must be doubled, so as to reduce it to the equivalent dead 
load. 

Rule IX. — To find the resilience of a bar under tension; 
multiply the proof load by half the corresponding elongation : or 
otherwise; multiply the modulus of resilience by half the volume 
of the bar. 

The five preceding Rules are applicable when the resultant of 
the stretching load traverses the centre of each cross-section of 
the bar. 

3. vniToraiir Ttavfins TenstoBi — ^When the resultant of the 
stretching load does not traverse the centre of the cross-section of 
the bai^ the intensity- of the stress will sensibly vary at an uniform 
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rate; and will be least at that edge of the section from which the 
resultant deviates^ and greatest at that edge towards which the 
resultant deviates. The mean intensity will be the same with that 
given by the Hules of the preceding Article. To find the ratio 
in which the greatest intensity exceeds the mean, proceed as 
follows : — 

E.ULE X. — Find the centre of magnitude of the cross-section as in 
the Kules of pages 81, 82, 83, and S5. Then find its centre of per- 
cussion relatively to the edge &om which the resultant load deviates. 
(See pages 155, 156, 157.) Divide the deviation of the resultant 
of the load from the centre of magnitude by the deviation of that 
centre of percussion from the centre of magnitude. Divide the 
distance of the centre of magnitude from the edge towards which 
the resultant load deviates by the distance of the same centre from 
the opposite edge. (In symmetrical sections this second quotient 
is = 1.) Multiply together the two quotients, and to the product 
add 1. (In symmetrical sections add 1 to the fii'st quotient.) The 
sum will be the ratio in which the greatest intensity of the stress 
is greater than the mean intensity. 

4. Besislance of Thin Shells to Barstlng. — Let r denote the radius 

of a thin hollow cylinder, such as the shell of a high pressure 
boiler; t, the thickness of the shell ; /, the tenacity of the material, 
in pounds on the square inch; p, the intensity of the pressure, in 
pounds on the square inch, required to burst the shell. This ought 
to be taken at six times the effective working pressure — effective 
pressure meaning the excess of the pi'essure from within above the 
pressure from without, which last is usually the atmospheric 
pressure of 14*7 lbs. on the square inch, or thereabouts. 

KuLE XI. — To find the bursting pressure of a given thin cylin- 
drical sJidl ; make 

^ r 

Rule XII. — To find the proper proportion of thickness to radius 
for a given ultimate tenacity and bursting pressure; 

t _p 

Value of f for well-made wrought-iron boilers, with single- 
rivetted joints, properly crossed^ about 34,000 lbs. on the square 
inch (Fairbairn). 

KuLE XIII. — To find the bursting pressure of a thin spherical 
shell; take double the bursting pressure of a thin cylindrical shell 
of the same radius, thickness, and material. 

Rule XIV. — To find the least proper thickness for. a thin 
flphexical shell, of a. given material and radius^ for a given bursting 
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pressure; take half the corresponding thickness for a cylindrical 
sheU. 

K.B. — ^When a cylindrical boiler has hemispherical ends, it is 
advisable to make them as thick as the cylindrical barrel, notwith- 
standing that they are thereby made twice as strong. 

BuLE XY. — Suppose a shell of the figure of a segment of a 
sphere to have a circula/r flange round its base, through which it is 
bolted to a flange upon a cylindrical shell, or upon another spherical 
shell. Let r denote the radius of the sphere, in inches; r', the 
radius of the circular base of the segmental shell, in inches; p, the 
bursting pressure, in lbs. on the square inch; then the number and 
dimensions of the bolts by which the flange is held should be such, 
that the load required to tear them asunder all at once shall be 

31416 7^2^; 

and the flange itself should require, in order to crush it, the follow- 
ing thrust in the direction of a tangent to it :— 

1 

o/> / • ^^r^ — r'2* 

If the segment is a complete hemisphere, r' = r, and the last 
expression becomes = 0. 

5. Resistance of Thick Skells t* BnrstiBC. — ^Let E. represent the 

external and r the internal radius of a thick hollow cylinder, such 
as a hydraulic press, the tenacity of whose material is j^ and whose 
bursting pressure is p, 

KuLE XYI. — To And the bursting pressure of a given thick 
hollow cylinder; make 

E.ULE XVII. — To find the proper proportion of outside to inside 
radius for a given tenacity and bursting pressure; make 

The corresponding formulae for a thick hollow sphere are 
EoLBXTin.- ,./.?j?_^. 

6. Resistance to skearing. — In rivets, keys, pins, bolts, treenails, 
and other fastenings exposed to shearing stress, the greatest intensitif 
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of the stress is liable to become greater than the mean intensity, 
through unequal distribution. The strength of fastenings, allow- 
ing for that inequality of stress, is to be made equal to that of the 
main pieces which they connect together. 

HuLE XX. — To find the strength of an eobsy-JUting fastening 

against sheariug; multiply the sectional area by the modulus of 

2 
strength ; then take ^ of the product if the fastening is rectangular 

3 

in section, or j if it is circular or elliptical in section. 

For a perfectly tight-JUting fastening the strength is the whole 
product just mentioned. Many actual fastenings are intermediate 
between easy and perfectly tight fastenings. 

Rule XXI. — Ordinary dimensions of rivets : — 

Diameter for plates less than half an inch thick, about double 

the thickness of the plate. 
For plates of half an inch thick and upwards, about once and 

a-half the thickness of the plate. 
Length before clenching, measuring from the head = sum of the 

thickness of the plates to be connected + 2^ x diameter of 

the rivet. 

Rule XXI. a. — Eivetted Joints, — ^Make the joint sectional area 
of the rivets equal to the area of plate left after making the rivet 
holes; or in symbols, — 

Let t denote the thickness of the plate iron ; 
d, the diameter of a rivet; 

n, the number of rows of rivets transverse to the pull ; 
c, the pitch from centre to centre of the rivets in one row; then 

, -7854 n d^ 
c = a '¥■ • 

Each plate is weakened by the rivet holes in the ratio 

c - d '7854 n d 
c " t •¥ -7854 n d} 

In "single-rivetted" joints, w = 1; in "double-rivetted" joints, 
n = 2; in "chain-rivetted" joints, n may have any value greater 
than 1. A single-rivetted joint is weakened by unequal distri- 
bution of the tension in the ratip of 4 : 5. 

Suppose that in a chain-rivetted joint the pitch| c, is fixed; then 

_ {c'-d) t 
^~ -7854 (^- 
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to longihuHmd compreatUm, when the proof stsresB is not exceeded, 
IB sensibl J equal to the resistance to stretdiii^ and is expressed 
by the same modulii& When that limit is exceeded, it becomes 
iixegular. (See Bnle YIII., page 206.) 

The present ArtLcle has r^erence to direct and simple crashing 
only, and is limited to those cases in which the pillars, blocks, 
struts, or rods along which the thmst acts are not so long in pro- 
portion to their diameter as to have a sensible tendency to give way 
by bending sideways. Those cases comprehend — 

Stone and brick pillars and blocks of ordinary proportions ; 

Pillars, rods, and stmts of cast iron, in which the length is not 
more than five times the diameter, approximately; 

Pillars, rods, and struts of wrought iron, in which the length is 
not more than ten times the diameter, approximately; 

Pillars, rods, and struts of dry timber, in which the length is not 
more than about twenty times the diameter. 

In such cases the Kules of this Section, from Y, to YIL, 
and also Bule X. (pages 206, 207), are approximately applicable, 
substituting thnut for tenaiony and using the proper modulus of 
resistance to direct crushing iostead of the tenacity. 

Blocks whose lengths are less than about once-and-a-half their 
diameter offer greater resistance to crushing than that given by 
the Kules; but in what proportion is uncertain. 

8. Strenstii of i^ons Stnrt* and Piikinfc — ^Long struts and pillars 
give way by bending sideways and breaking across. Let P be the 
breaking load of such a pillar; S, its sectional area; I, its length; r, 
the least radius of gyration of its cross-section (see page 154); y*and 
c, two co-efiicients depending on the material; then 

BuLE XXII. — For a strut or pillar fixed in direction at both 
ends, 

P / 

eir 
KuLE XXIII. — For a strut or pillar jointed at both endsj 

P / 

1 + 



c r* 



Rule XXIV. — For a strut or pillar jointed at one end and fixed 
at the other; 

P / 

S ~ 16 Z2 ' 
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Values of the Constants. 

UoB. on t2ia Square Inch. 

Malleable iron, 36,000 36,000 

Cast iron, 80,000 6,400 

Dry timber, 7,200 3,000 

Table op Values op r^ por Dipfebent Forms op 

Cross-Section. 

Solid rectangle; least dimen- ) A2 ^ 1 S. 

sion = A; j 

Thin square cell; side = A;.... h^ h- 6. 

Thin rectangular cell; ) J^ , h + 3 b 

breadtb, &; depth, ^; j • 12 k + b 

Solid cylinder; diameter = ^; h^ -- 16. 

Thin hollow cylinder; dia- ) k^ ^ R 

meter = A; J 

Angle iron of equal ribs; ) fc2 _i. 94. 

breadth of each = 6 ; J 

Angle iron of unequal ribs; ) ^2 a2 • 1 9 (h2 4- 7.2\ 

greater, 6, less, A; / ^ ^ -. U (6 i- /* > 

Cross of equal arms; h^ -^ 24. 

H-iron; breadth of flanges, ^ £2 a 

b; their joint area. A; area > j^ • - 

of web, B; ) ^2 A + J3 

Channel iron; depth ofl a -d \ 

flanges + i thickness of I /. 2 . / ^ l. ^ •" I 

web, h; area of web, B; of f I 12 (A + B) ^ 4 (A + Bf T 
flanges, A; 

Barlow rail ; cross - section ' 
composed of two quad- 
rants of radius B>, mea- 
sured to middle of thick- 
ness, connected by a table 
of sectional area = joint 
area of quadrants x *273; 

Pair of Barlow rails as above, \ .ggg j^2^ 

rivetted base to base ; j 

Circular segment of radius 
It and length 2 E tf; 

9. KcriaiBiice mt Taibcs i» c«nnpato«r— EuLE XXY. — Collapsing 
pressure in lbs. on the square inch = 

9,672,000 thickness2 ^ 



B^ -!- 7 nearly. 



f 1 , cos tf sin $ sin^ ) -rvo 

U + -T4 fi-f^ 



length X diameter 



all the dimensions being in the same units of measura 
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When tubes are stiffened by rings, the length in the role is to 
be measured from ring to ring. 

10. Actl«K •r a TmnsreriM liMid •■ a Beam. — ^If the load con- 
sists of several parts, find the resuUant load hy the Kules of Part 
v., page 164, and Part IV., page 153. Then find the supporting 
forces by the proper rule (XIX.) in page 163. 

BuLE XXYL — ^To find the shea/ring cbctiana exerted in a series of 
intervals of the length of the beam : — 

Case I. — If the loaded part of the beam projects outward from 
its point of support, and the load is applied at detached points, the 
shearing action in the outermost interval is equal to the load at 
the outermost point 

To the shearing action in any interval add the load applied at 
the inner end of that interval; the sum will be the downward 
shearing action in the next interval inwards. 

For a distributed load, in symbols; let c? a; be an interval of the 
length; w, the load per unit of length; F, the shearing action at 
the distance a; inwards from the outermost loaded point; then 

F= f^wdx. 



=/: 



Case 11. — If the loaded part of the beam lies between its points 
of support, and the load is applied at detached points; the upward 
shearing action in the interval next one of the points of support 
is equal to the supporting force at that point. 

From the shearing action in any interval subtract the load 
applied at the point next beyond that interval ; the remainder will 
be the shearing action in the interval next beyond. 

For a distributed load, in symbols; let P^ be the supporting 
pressure at the end where the calculations commence, and F the 
shearing action at the distance x from that end; then 

F = To — jlwdx. 

Remabk. — In calculating the series of shearing actions in Case 
II., a point is reached where the shearing action changes its direc- 
tion, as shown by its algebraical sign changing from positive to 
negative. This is the point where the load divides (as in page 
171). At the further end of the span the shearing action is equal 
in amount to the supporting force at that end, but of contrary 
algebraical sign. Let I be the span; P/, the supporting force at its 
further end; and F;, the shearing action close to that end; then 



F, = P^- rwdx^-Ti; 



and this formula serves as a check on the accuracy of the calcula- 
tions by the preceding formula. 
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Rule XXVII. — To find the bending momenta exerted at a series 
of points in the length of the beam. Multiply the length of each 
interval by the shearing action exerted in that interval; add 
together the products corresponding to the intervals which lie be- 
tween one end of the beam and the point where the bending 
moment is required; the sum will be the required bending 
moment. 

In symbols, let M be the bending moment at the distance x from 
one end of the beam; then 

Kemabe. — The accuracy of the calculation of the bending 
moments at a series of points may be checked by trying whether 
at the further end of the span the bending moment vanishes; 
that is 

Mz=: f Fc?aj = 0. 



=/: 



BuLE XXVIII. — To find the greatest bending m<yment; take 
the bending moment at the point where the load divides; that is^ 
where F = 0. 

For tables of the comparative values of different units of bending 
moment, see pages 104, 110, 113. 

11. Bxplanation of the Table of Bzamplea. — W, total load; I, 

length of beam fixed at one end, or span of beam supported at both 
ends ; F, shearing action, and M, bending moment, at distance x'' 
from one end ; x\, distance from one end at which shearing action 
is gi-eatest; k, ratio of greatest shearing action to total load W; 
x'q, distance from same end at which F = and M = a maximum ; 
m,, ratio of maximum bending moment to Wl, That is to say, 
let Fj = greatest shearing action, and Mq = greatest bending 
moment; then F^ = ^ W; Mq = mWL 

To transform the expressions in the following table, Cases TV, 
to VII., which are suited for co-ordinates measured from one 
point of support of a beam supported at both ends, into expressions 
suited for co-ordinates measured from the middle of the beam, 
let c be the haJf-span, and substitute 2 c for I, c — x for x\ and 
c + X for I — x'y throughout the whole of that part of the 
table. 

12. TraTeiiing lioad on a Beam. — ^A beam of the span I is sup- 
ported at the two ends; a permanent load of the uniform. intensity 
of w lbs. per lineal foot is distributed over it. An additional load, 
such as the weight of a railway train, of u/ lbs. per lineal foot, 
gradually rolls on to the beam from one end, covering it at last 
from end to end, and then rolls off at the other end. (For the 
continuation of this Article see page 216.) 
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Rule XXIX. — ^The Cheatest Shecuring Action at a given cross- 
section occurs when the longer of the two segments into, which it 
divides the beam is loaded with the travelling load as well as with 
the permanent load, and the shorter loaded with the permanent 
load only. Let F' denote that action, and a/ the distance of the 
flection in question from the nearer end of the beam; then 



P _ (I _ .) 4 ;il!^. 



Let X be the distance of the cross-section in question from the 
middle of the beam, and c the half-span; then 

F = «?aj + — ^-^ — '-. 

The Greatest Bending Moment at a given cross-section occurs 
when the whole span is loaded with the travelling load, and is 
therefore given by Case VL of the table ; viz., 

_ {w + w') ai{l — a;') _ {w + u/) (c^ — a^) 
■'^■" 2 ■" 2 • 

Hem ARE. — If the travelling load is liable to rush fmdderdy on to. 
the bridge, like a swift railway train, its actual weight should be 
doMed in taking the value of «//, in order to reduce it to the 
equivalent steady load; and when this has been done, the factor of 
safety employed in further calculations may be that suited for a 
dead load. 

13. The Monieiit of Resistance of a Beam at a given cross-section 
ought to be at least equal to the greatest bending moment. 

KuLE XXX. — ^In a skeleton beam, consisting of stringers and 
braces only (see ^g. 72, page 169), to find the moment of resist- 
ance at a given joint ; multiply the sectional area of the stringer 
opposite that joint by the greatest safe intensity of stress along it 
(tensile or compressive as the case may be) and by the perpendicular 
distance of the centre line of the stringer from the joint; the pro- 
duct will be the required moment of resistance. 

KuLE XXXI. < — In a thinrwebhed beam with parallel flanges 
along the edges of the web (in other words, of a thin- webbed I- 
shaped section) the flange which becomes convex by the bending 
of the beam is stretched, and that which becomes concave com- 
pressed. Multiply the sectional area of each flange by the greatest 
safe stress along it (tension or thrust according as the flange is 
stretched or compressed) ; then multiply the lesser of the two pro- 
ducts by the perpendicular distance between the centre lines of the 
flanges; the final product will be the required moment of resist- 
ance, approodmaJtely, In this method the moment of resistance 
of the web is neglected. 
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N.R For the best economy of material^ the two products first 
mentioned should be equal to each other. The cross-section of the 
beam is then said to be of eqwd atrerigik, 

E.XJLE XXXII. — In a solid beam, to find the moment of 
resistance at a given cross-section : — 

Step 1. — Find the neiUrcU cuds of the cross-section by taking its 
centre of magnitude (see pages 81 to 84), and drawing through 
that point a straight line perpendicular to the plane in which ti^e 
bending of the beam takes place. 

Step 2. — Find the geomeirical momeTU of inertia of the cross- 
section relatively to its neutral axis, by dividing that secjtion into 
narrow strips parallel to the neutral axis, multiplying the area of 
each strip by the square of its distance from the neutral axis, and 
adding the products together. (In Kules I., II., and III. of page 
154, put "cross-section" for "body," and "area" for "mass," 
and those rules become applicable to the present purpose.) In 
symbols, let y be the distance of any strip from the neutral axis; z, 
its length parallel to that axis; dy, its breadth; and I, the geometri* 

cal moment of inertia of the section ; then I = I y^zdy {=n!bh^, 

where h is the breadth, h the depth, and n! a factor depending on 
the form of section). Also, let S be the sectional area, and r the 
radius of gyration of the section relatively to its neutral axis (see 
page 211); then I = r2 S. 

Step 3. — Divide the greatest safe tensile stress on the material 
by the greatest distance of the stretched particles of the cross- 
section from the neutral axis, and the greatest safe compressive 
stress by the greatest distance of the compressed particles from 
the neutral axis; multiply the lesser of those quotients by the 
moment of inertia of the cross-section; the product will be the 
required moment of resistance. 

In symbols, let y« and yj, be the greatest distances of compressed 
and stretched particles from the neutral axis; /^ and^, the greatest 

safe thrust and tension on those particles respectively; let ^ stand 

f f 
for the lesser of the two quotients, — , ~; then the moment of 

resistance is /• t 

M=-ai: = w/5A2; 

where n is a factor depending on the form of cross-section. Another 
expression for the moment of resistance is as follows :— - 
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STBOMnS OF kahsuols. 



& ^hidk S is tibe area of tlie esre iwaodi oB, and q a snti&le 

XUDHlGncai TBUObOKm 

For the best eoonomj of mtteiial, 4fae iw« qoetia^itfi^kfc te te 
equals thai is to saj, 

yi y. y» a * 

Tins gives a croM-asc^ton of equal streniglk. 



EZAICFUB OF THE XuXlSICAIi FaCTOSS. 



Fann of Cnw8-8eotloii& 


""'"hh- 


"* A 




L fiectan&rle 6 h, *. ) 


1 
12 


1 
2 


1 
6 


(k^ndixig aqnare) } 

IL Ellipse-- 

Vertical aris A. i 


IT 1 

i54~20-4 
= O0491 


1 
2 


-r 1 
32" 10-2 
= 0^0982 


Horizontal axis 5, > 

(indading circle) ) 

nL Hollow rectangle, h A— ft' A';") 
also I - formed section, 
where &' is the snm of the - 
breadths of the lateral 
hoUowSy. 


12V hh*} 


• 

1 

2 




IV. Hollow square, ) 
A« A\ J 

V. Hollow ellipse, .' 


12 V^ AV 


1 
2 


6 V^ AV 


20-4V'^ 5A" J 


1 

2 


1 / 6'A-x 
10-2V 6A»y 


VL Hollow cirde, 


^ ri~*"i 

20-4 V^ AV 


1 
2 


10-2 V^ AV 


Vil. Isosceles triangle; base &, ) 
height h; yy measozed > 
from erommit, ^... ) 


1 
36 


2 
3 


1 
24 



1 /l A^ 
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FOBM OF €BOS&>BlSCTR]fK. ^ 

I. S.ecilsuiglej • •• ^« 

n 
XL Sniipae and circle, t, 

o 

ILL Hollow PBctangle, ., .,. 

S = 6 A - &'A'; also I-shaped ' i _ ^AT 

section, b' being the sum of ^JIl.^, 

the depths of tiie lateral «/- 6' h' \ 

hoUows, ^V "■ bTJ 

1 
IV, Hollow square, S = A^ __ 7i'2^.... 

Y* Do., very thin (approx.), -x. 

^ =»"■" •"- JO - w') * (' - «^> 

VIL HoUow circle, | A + ^\ 

VIIL Do., very thin (approx.), 

IX. T-shaped section; flange A, C (C + 4 A 

webC;S=A + C(approx.), 6 (0 + A) (0 + 2 A) ' 

X. I-Bhaped secidon; flanges A, B; 
weh Cj S = A + B + C; the 

beam supposed to givewayat^,^^^^^. j2AB 
aie flange A (aj^x.), ^(Q.,2B)(aU^C) ' 

X.A. Da, do., the beua sap- 

posed to gW» w*^ a* «ie flange Q /(3 ^ 4 ^ ^ 4 gx ^2 A B 

^ (*PP™^>' -6WT2AH£TBTC) • 

XL I-E^baped section; with equal 

flanges; A=B;S = C + 2A lA+ __±A_Y 
(approx.), 6 \ C + 2 A/ 



14. € U '«— Mn a t im mm mf i^p»i SiMvgiii have alreadvbeeii m^xtioned. 
The following rules ar6 applicable where the beam is I-shaped, con- 
nsting of a vertical irob, rectangular or nearly so in section, with 
flanges of small depth oompared with the depth of the web, nmning 
jdong its upper aafll lamer miigaL 
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Let fa be the greatest safe thrust; ^^ the greatest safe tension; 
ya and ^^^the distance from the nentnd axis to the centres of the 
compressed and stretched flanges respectively; A = ^a + y^, the 
depth between the centres of the flanges; A and B, the sectional 
areas of the compressed and stretched flanges respectively; C, the 
sectional area of the web measured from centre to centre of the 
flanges. 

HuLE XXXin.— :/o greater than ^ (as in cast iron). Given, 

A, C; to find B; 

Remabk. — ^The moment of resistance is 

M = A {/. A + (2/. _/,) ^ } = a{/,B-(/._2/.) J }. 

In practice, A^ B is often nsed as an approximation to this 
moment. 

EuLE XXXIII k.—f^ less than^i (as in wrought iron). Given, 

B, C; to find A; 

Bemark. — The moment of resistance is 
M = a{/.B + (2/»-/.)5} = a{/.A + (2/. -/.)§}. 

In designing I -shaped beams, fix C by considerations of prac- 
tical convenience, and then find A and B so as to give the required 
moment of resistance. 

15. liOBgltvdlBal Sections of Eqnal Strength. — BULE XXXIV. — 

To give a beam a longitudinal section of equal strength, make h ^^, 
or h S, at diflferent points of the length of the beam, vary propor- 
tionally to M ; taking care near the points of support to leave 
enough of material to resist the shearing action. 

To effect this with the greatest economy of material, let the 
depth, A, be uniform, and make the breadth, 6, or the sectional area, 
S, vary proportionally to M. 

To effect the same thing, and give the beam the greatest possible 
flexibility, either let h be constant, and make h vary proportionally 

to n/ M; or let S be constant, and make A vary proportionally 
toM. 

16. AUownnce for WcishC of Beam.— BULE XXXV. — Let W 

be the external working load, dead, live, or mixed, on a beam ; d^ its 
proper factor of safety; and let « be the factor of safety for a dead 
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load. HaviDg fixed the depth beforehand, calculate a provisumal 
breadth, or a provisional sectional area, suited to bear safely the 
external load alone; and thence compute a provisional toeight for 
the beam, — say B'. Then increase the breadth, or the sectional 
area, in the following ratio :-^ 



s'W — sB' 



and the beam will safely bear its own weight in addition to the 
given external load. 

HuLE XXXYL — ^Given, the span I, weight B, and external 
working load W of an actual beam of a given sort; to find the 
limiting span. It, of a beam of the same sort, and with the same 
proportion {h -r- 1) of depth to span, which wUl just bear its own 
weight safely and no more. 

^ = ^*— 7b — 

BuLE XXXVII. — Given, for a certain sort of beam, with a 
^ven proportion, h -r- I, of depth to span, the span I, and the 
limiting span, L, of similar beams; to estimate the probable pro- 
portion of weight of beam to external load; 

B «' I 



W " « L — ^ 

17. i»eflecU«B •€ Beanu.— ItuLE XXXYIII. — To find the curv- 
aiure (that is the reciprocal of the radius of curvature) of an 
originally straight beam at a given cross-section. 

Case I. — The bending moment given. Divide the bending 
moment by the moment of inertia of the given cross-section (see 
Article 13 of this section, page 217), and by the modulus of elasticity 
of the material. In sjrmbols, let r be the radius of curvature; then 

1_ M 
r""Er 

Case II. — The cross-section under its proof stress. Divide the 
proof stress (/^) by the distance of the most severely strained 
particles from the neutral axis, and by the modulus of elasticity; 
the quotient will be the proof curvature; 

r E yj* 
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In erot§§6etion8 of§jual abrmiffth the pioof curratiiie is 

Rule XXXIX. — To find the dope of the beam (or^raally level) 
at a given point. Divide the length of the beam into small 
intervals {d x); mtdtiply the length of each interval by the curva- 
ture at its centre (giving the product — j; add together the 

products for the intervals from a point where the beam continues 
horizontal to the point where the slope is required; the suni 

( * = / — J will be the required slope. 

EuLE XL. — To find the defiectiou. Multiply the length of 
each small interval by its slope (obtaining the product i d a;) ; add 
together those products for the intervals extending between the 

highest and lowest points of the beam^ the sum (t; = I i d x) will 

be the required deflection. 

The preceding is the general method. The following are special 
rules: — 

Let c be the ludf-span of a beam supported at both ends^ or the 
length of a beam fixed at one end; h, the extreme depth, and b, the 
extreme breadth of the beam; W, any given load;^, the proof 
stress ; or/„,the proof thrust, and/^^the proof tension, in cross-sections 
of equal strength ; nv h, the distance of the most severely strained 
layer from the neutral axis; n! h h^, the moment of inertia of the 
greatest cross-section; m", n", m"\ n"*, numerical multipliers. 

Rule XLL — Steepest slope under proof load; 

. _ mrf^c ( m" (/, + n) c \ 
*i-Em'A^ V"" EA r 

BuLE XLIL — Proof deflection; 

""i-Em'A^ V"" EA )' 

Rule XLIIL — Steepest slope under a given load, W; 

. _ wT' Wc8 
* 1 ■" E 7*' 6 

Rule XLIV. — Deflection und^ a given load^ "W; 

n"' W c8 



vf. s= 



E »' bh^ 
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A. XJnifobm CBOSS-SEcnoxr. 
L Constant Moment of Flex- 



lire, 



} 



IL Fixed at one end, loaded ) 
at other, ) 

III. Fixed at one end, uni- ) 
formly loaded, j 

lY. Supported at both ends, ) 
loaded in middle, j 



Proof Load. Given Load. 

Factora for Facton fior 

Slope. Dofleotion. Slope. DeOBetioBi 



SI' 



// 



vT 



1 

2 
1 
3 
1 

2 

2 



"V. Supported at both ends, ) ^ 
uniformly loaded, j 3 



•••••. 



1 

2 
1 

3 

1 

4 
1 

3 
5^ 

12 



1 

2 
1 

6 
1 

i 
1 

6 



1 

3 
1 

8 
1 

G 
5 

48 



B. XJnifobm Stses^gth and XJni- 
fobm Depth. 



(The curvature of these is uniform). 

VI. Fixed at one end, loaded ) 
at other, J 

VIL Fixed at one end, uni- ) 
formly loaded, J 

YIIL Supported at both ends, ) 
loaded in middle, j 

IX. Supported at both ends, ) 
uniformly loaded, J 



1 \ 



1 1 

'■ 2 

1 1 

2 4 

1 1 

2 4 

1 1 

i 5 



0. TTinfOBu Stbenoth abb TJiri- 
FOfiu Bbeasxh. 



X Fixed at one end, loaded ) n 2 „ 2 

atother, j 3 3 

XL Fixed at cme end, nni- ) . » .. ,  1^ -^ 1 

formly loaded,.... } i^^nite 1 mfinite - 

XH. Supported at both ends, ) o 2 , 1 

loaded in middle, / 3 3 . 

[. Supported at both ends, ) , ;.^^o ^ ^-^^ /^ onn^- /n ^ .«u 
iiiformly loaded, .] ^'^^^^ ^'^708 0-3927 0-U27 
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EuLE XLY. — Given, the half-span, e, &nd the intmded proof 
deflection^ t7|, of a proposed beam; to find the proper value of the 
greatest depih, h^; make 






(taking n" from the preceding table, and making m'A^ as before, 
denote the distance from the layer in which the stress iaf^ to the 
neutral axis.) 

If the cross-section is to be of equal strength, make 

*«- E^i 

Rule XLVL — To deduce the greatest stress* in a given layer of 
a beam from the deflection found by experiment. 

Let h be the depth of the' beam at the section of greatest stress, 
and y the distance from the neutral axis of that section to that 
layer of the beam at which the greatest stress is required : — 

c, the half-span of a beam supported at both ends, or the length 
of the loaded part of a beam supported at one end; 
n", the Victor for proof deflection, already explained; 
E, the modulus of elasticity of the material; 
V, the observed deflection ; 
then the intensity of the required stress is 

Ey t? 

KuLE XLYII. — To find the resilience of a beam loaded at one 
point; multiply half the proof load by the proof deflection. 

18. ConUnaons Girden.— In the following rules the girder is 
supposed to be of uniform cross-section, and to be continuous over 
two or more piers. The half-span of one bay is denoted by c; the 
fixed load per unit of span by to; the travelling load per unit of 
span, if brought on slowly, by ti/; if the travelling load comes on 
suddenly, w' must be understood to stand for the equivalent dead 
load; that is ttvice the actual travelling load per unit of span. The 
moment of resistance of the uniform cross-section is to be adapted 
to the most severe bending moment. 

Bulb XLYIII. — To find the bending moment at mid-span 
(Mq), and the reverse bending moment over each pier ( — M^, when 
every span is loaded with the travelling load; 

_ («> + «/) c» . («> + «0e« 

J«io — jj , —ail — o 
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BuLE XLIX. — To fiod the said bending moment when the span 
tinder consideration is loaded with the traveUing load and the 
adjoining spans with the weight of the bridge only; 

Mo- g , —Ml- g . 

Eyeiy continuous girder bridge has two end hays at which the 
continuity stops; and these must be of less span than the inter- 
mediate bays. 

KuLE L. — The proper span of an end bay should be not less than 

o (or it will be too light); and not greater than 



(1 + A / „-7 — i — Tv ) (or it will be too weak). 
V 3 (w + to )/ ^ ^ 



To calculate the proof deflection of continuous girders, use Kule 
XLIV., page 223, with the following values of the multiplier n"; 

1 

"8 



Every span fully loaded,. 



One span fully loaded; the adjoining spans loaded 
with the weight of the bridge alone; the lesser- 
of the two following factors, 



4 io + 8 to' 

to + 3 to' 

8 to + 4 to' 



19. Arched Ribs. — In the following rule the rib, of iron or 
timber, is supposed to have its centre line of the foim of a parabola, 
of the half-span, c, and rise, k. The sectional area of the rib at its 
crown is denoted by A, and at other points that area is supposed 
to vary as the secant of the inclination of the rib to the horizon. 
The depth of the rib, h, is supposed uniform. The moment of 
resistance of the rib to cross-breaking is supposed to be denoted by 
f^qh A.\ q being the multiplier of which values are given in page 
219. The uniform fixed load per unit of span is denoted by w; 
and the travelling load per unit of span, if gradually put on, by v/; 
if suddenly put on, to' denotes tvoice the actual travelling load per 
unit of span. The rib is supposed to be jointed at the crown and 
at the springing. 

£.ULE LI. — When the rib is fully loaded, to find the horizontal 
thi-ust (H), and the intensity of the stress {p\ 

^ (to + tiQcg H 

^"- Wk '^""A* 
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RuLV LIL— When oM-half of the ^mub onif is loaded wiih the 
tcmveUing load, the hoiiaonfcaL thmst is, 

AIso^ let -jTr- = M' ; then the greatest intensiiy of stress is 

Bexark. — Thai greatest stress is oompressiye; and is exerted 

near the middle of the length of the inner edge of the unloaded 
half of the rib, and of the outer edge of the loaded hal£ 

HuLE LIIL — Given, the greatest safe stress, /«; to find the 
proper area, A, for the rib at its crown; calculate the two foUow- 

M' 

ing quantities : H as in Rule LL ; and H' H — r' as in Rule LIL ; 

divide the ffreater of them, by^^; the quotient will be the required 
area. 

20. stifleaing Oirder.— RuLE LIY. — To find the proper Tnoment 
of resistance for a stiffening girder for a suspension bridge ; calcu- 
late M' as in Rvile LII. The greatest sitearing action in that 

.J . w'c 
girder is -r-. 
4 

The stiffening girder is liable to be bent upwards and down- 
wards alternately J and therefore it should be made alike above 
and below. 

21. KeaiBtaace to Twisting. — ^Let h be the external diameter of a 
shaft; h', the internal diameter (if it is hollow);/', a modulus of 
stress. 

Rule LV. — Moment of resistance of 

a solid cylindrical shaft, 0*196 /'/t^; 

a hollow cylindrical shaft, •...0'196/' • -j ; 

a solid square shaft, '28 /* h^. 

Rule LVI. — To find the thickness of a shaft which shall have 
a given moment of resistance to twisting, M. 

solid cylindrical shaft, h= ^ ( o»i96/7 '' 

LoUow cylindrical shaft, ^' = nA; ^ = ^vV ( a.iq^ /i ^^4\/' )* 

solid square shaf^ h = a / ( q.qq x \ 
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Stress in Lbs. on the Square Lich. 
Breaking. Working. 

Cast iron, 27,700 4,000 to 4,500 

Wrought iron, 50,000 8,000 to 9,000 

BuLE LYII. — When bending and twisting actions are com- 
bined on one shaft, let M h9 the- bending moment, and T the 
twisting moment; then make the shaft of the diameter suited to 
resist the following. ^tc^w^n^ moment: — 

M + V (M2 + T2). 

HULE LYIII. — The angle of torsion of a bar, whether cylindrical 

. 2f I . 
or square, when under the proof stress /' , is -p-.- ; in wliich I is 

the length, and h the thickness of the bar, and C the modulus of 
transverse elasticity. 

22. Buckled piatM.— EuLE LIX. — To calculate the load uni- 
formly distributed over a buckled plate, which will crush it; the 
plato being square, and fastened all round the edges.' Multiply 
the depth to which the plate is buckled by the square of the thick- 
ness, both in inches and by 165; the product will be the crushing 
load in tons, nearly. Central load which crushes a buckled plate, 

about -z of uniformly distributed load. 

23. suspension Bridges.— As to the horizontal tension, see page 
173. As to stiffening girders, see page 226. 

KuLE LX. — Given, the working horizontal tension, H, the half 
span, a;, and the depression, y, of the chain or cable; to calculate the 
weight of a half-span of it. (Factor of safety, 6.) 

Ha: 

For the strongest wire cables, make C = ^^^ ,. ; 

Ha; 

For cable iron chains, make C = -0-^7^7^-?— i- 

0,000 teet 

Then for a chain or cable of uniform cross-section, the weight of a 
half-span is 

aod for a chain or cable of uniform strength (the area varying as 
the t^asion) the weight of a half-span is 

For eyes and fastenings of links, add one-eighth to net weight 
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PAET VIL 

MACHINES IN GENERAL. 

Section I. — Hules relating to the Compabison of Motions. 

1. iiioiioD o€ a P«lBt« — h& to measures of speed of advance, or 
linear velocity, and of speed of turning, or angular velocity, see 
page 102. In the following rules, when not otherwise specified, 
linear velocity is supposed to be expressed in fedb per second, and 
angular velocity in circular measure per second, linear velocities 
and angular velocities are represented by lines, and compounded 
and resolved, like forces and couples. (See pages 158 to 163.) If 

there be three bodies, 1, 2, and 
3, and 3 has a given motion 
relatively to 2, and 2 a given 
motion relatively to 1, the 
resrdtant of those two motions 
is the motion of 3 relatively 
tol. 

Rule I. (See ^^. 86.)— 
^' * Given, the velocity and direc- 

tion, A B, of the motion of a point. A; to find the componeTU of that 
velocity along a given line, X A X ; from B, let fall B C perpen- 
dicular to X X ; A C will be the required component. In symbols; 

A C = A B • cos C A B. 

Rule II. — A point moves in a curve of a given radius (r) with 
a given linear velocity (t?); to find the amgvla/r velocity ofrevcmtion, 
divide the linear velocity by the radius. In symbols; 

V 

a = -. 
r 

Rule III. — In the same case, to find the rate of deviation; 
divide the square of the linear velocity by the radius; or otherwise, 
multiply the square of the angular velocity by the radius. In 
symbols; 

rate of deviation = — = a^r, 

r 




MOTION OF ▲ BIGID BODY. 
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2. Translation of a Rigid Body Is that kind of motion in whick 
all points in the body move with equal velocities and in parallel 
directions along equal and similar paths, straight or curved. 

KuLE IV. — During translation the relative motion of two points 
in a rigid body is = 0. Their corrvparcUive motion at any instant 
consists in equality of speed and identity of direction. 

3. Rotation of a Rigid Bodf. — KuLE Y. — Given, an axis of 
rotation in a rigid body, and the angular velocity of rotation; to 
iind the direction and velocity of the motion of any point in the 
body. Let fall a perpendicular from the point on the axis; the 
required direction will be perpendicular to that perpendicular and 
to the axis; and the required velocity will be the product of the 
angular velocity into the length of that perpendicular. 

KuLE VI. — Given, the linear velocity of a point in a rigid body 
rotating about an axis; to find the angular velocity; divide the 
linear velocity by the perpendicular distance of the point from the 
axis. 

Rule VII. — Given, an axis of rotation, and two points not in 
that axis; to find the compa/rative motion of those two points. The 
ratio of their velocities, or velocity-ratio, is equal to the ratio of their 
perpendicular distances from the axis. 

KuLE VIII. — A rigid body moves parallel to a given plane, and 
the directions of motion of two points in it are given ; to find its 
axis of rotation, if any. 

If the two points are not in one plane parallel to the given plane 
of motion, take their projections on such a plane (A, B, in figs. 87, 
88, 89); the motions of those projections will be identical with 





Fig. 88. 




Fig. 89. 

those of the original points. In each figure the arrows represent 
the given directions of motion of the points. 

Case I. — Directions not parallel (fig, 87). Perpendicular to the 
given directions, draw A O, B O, cutting each other in O; the 
required axis will traverse O, and be perpendicular to the plane of 
motion. 



ddo 
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Gase II. — Bxrectknus pazallel to each other, and not perpen- 
dicular to line of eomieotion, A B. la this case the motion is one 
of translation, and there is no axis. 

Case m. — Directimis perpendicular to A B. (See figs. 86, 89.) 
In this ease \ke problem is indeterminate unless the Telocity-ratio 
of A and B is given. Then ds&w A Va, B V^, in ike directioes of 
motion of A and B, and bearing to eadi other the ^Yeo. ratio ; deaw 
the straight line Va Ybt cutting A B (produced if .necessary) in O ; 
this -will gvne the position of the required axis. 

iElBMABK. — The axis found by Rule Till, may be dither per- 
mummU or iaukmtaneaus. 
JluLE. IX. (See fig. '90.) — In a body rotating -with a ^en 

speed about a given axis, O, to find the 
component, in a given direction, B A, 
perpendicular to that axis, of the velocity 
iof .& point, A On A B let £dl the per- 
pendicular O B, and multiply its length 
by ihe angular velocily. 

4. imallan ^f «i|rMHy*CwMif iiii il ^•inte. — 

A pair of points, A and B (fig. 91), are 
so connected that their cUstaacefrom eadi 
other, A JB, is invariable. 




Fig. 90. 




Fig. 9t 



KuLE X. — Given, the directions, A a and B 6, of the motions of 
a pair of rigidly-connected points at a given instant ; Bequired, their 
velocity-ratio. Draw the straight line of connection, A B, and 
produce it if necesaary. Then lay off in it any convenient equal 
distances, A C := B D. Through C and D draw perpent^eulars to 
the line of x!onneetion, cutting A a and B 6 in ,E and E. Then, 
velocity of A : vekxaty of B : : A E : B F. 

5. Poion ta miiing iCmumcu^ln. iig. 92 let A B and C D repre- 
sent a pair of smooth surfaces moving in sliding contact, And kt 
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T mark tbe position of the pair of -particles 'which at a given 
instant touch each other. 

KuLE XI. — Given, the directions T Y^ 
and T Y^ of the motions of the con- 
tiguous particles ; to find the vatio of their 
velocities. At the point of contact 
draw T U of any convenient length 
normal to the two surfaces at that point. 
Through U draw U V^ Y^ parallel to 
the common tangent plane of those sur- 
faces, and cutting the directions of motion 
of the contiguous particles in Vj and V«. Then velocity of 
particle 1 : velocity of particle 2 : : T V^ : T Vj. 

Section II. — Rules belating to Mechanism. 

1. itoiiiBs contact. — ^The conditions of rolling contact between 
two pieces in a machine (such as two smooth wheels, or a smooth 
ifirheel and a sliding bar) are as follows : — If the two pieces turn 
about axes, the two axes and the straight line of contact of the two 
pieces must be in the same plane, and must either be parallel or 
intersect in one point. If one piece turns on an axis, and the 
other slides, the axis and the line of contact must be parallel to each 
other, in one plane perpendicular to the direction of sliding. 

Bule I. — Two pieces (smooth wheels) are to turn in rolling 
contact with each other about a pair of parallel axes, with a given 
ratio of angular velocities; say that o£ cu :b. To find the position 
of the line of contact of the pUchrSurfaces; let c he the line of 
centres; that is, the perpendicular distance between the axes; then 
the distances of each point of contact are^ — 

b c 
Prom the axis about which the angular velocity is asia; -', 

gv f 

From the .axis about which the axigiilar velociiy is as 6 ; > . 

In other words, the radii a/re inverady as the angular velocities, 
IluLE II. — A rotating piece (such as a smooth wheel) and a 
sliding piece move in rolling contact. Given, the angular velocity 
of the rolling piece ; to find the linear velocity of the sliding piece ; 
multiply the angular velocity of the rolling piece by the perpen- 
dicular distance from its axis to the line of contact of the 
pitch*surfaces. 

HuLE III. — Given, the ratio of the angular velocities of two 
conical or smooth bevel wheels about their axes (which meet in one 
point); to find the line of contact of the pitch-suriJEbces of those 
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wheels. In fig. 93 let O A, O C be the two axes, intersecting in 
O. Lay off on those axes, O a, O 6, respectively proportional to 

the angular velocities of the 
wheels which are to turn about 
them. Complete the parallelo- 
gram O b c a; the diagonal 
O c (produced as far as i-e- 
quired) will be the line of con- 
tact of the two pitch-surfaces; 
and those surfaces will be 
cones made by sweeping that 




Fig. 93. 



line round the two axes respectively. 

2. skew-Beirei iTheciiu— The pitch-surfaces of skew-bevel wheels 
are hyperboloids, generated by the revolution of the line of 
contact about each of the axes, to which it is neither parallel nor 
intersecting. 

Rule IV. — ^The directions and positions of the axes being given, 
and the required angular velocity-ratio, a : b, it is required to 

find the obliquities of the line of con- 
tact to the two axes, and its least 
perpendicular distances from those 
axes. 

In fig. 94 let A B, C D be the 
two axes, and G K their common 
perpendicular. 

On any plane normal to the com- 
mon perpendicular draw a 6 || A B, 
c d \\ C 1), in which take lengths in 
the following proportions : — 

a :b : : hp : h q; 
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complete the parallelogram hpe q^ and draw its diagonal, e hf; 
the line of contact, E H F, will be parallel to that diagonal 

From p let fall p m peipendicular to h e. Then divide the 
common perpendicular, G K, in the ratio given by the proportional 
equation. 



h e : e m : m h : : GK : G K : K H; 

and the two segments thus found will be the least distances of the 
line of contact from the axes. 

The first pitch-surface is generated by the rotation of the line 

E H F about the axis A B, with the radius vector G H; the 
second, by the rotation of the same line about the axis C D, with 
the radius vector H K. 
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3. Teeth of Wheels.— KuLE V. — To find the least thickness 
suitable for the teeth of a wheel Divide the pressure to be trans- 
mitted by 1,500 lbs., and extract the square root of the quotient 
for the thickness on the pitch-circle in inches. 

BuLE VI. — To find the least pitch suited for the teeth of a wheel ; 
multiply the least thickness on the pitch-line by 2^. 

E.ULE VII. — To find the lea^t breadth suited for the teeth of a 
wheel; divide the pressure to be transmitted, in lbs., by 160, and 
by the pitch in inches; the quotient will be the required breadth 
in inches. 

Rule VIII. — To find the proper circumference for a wheel; 
multiply the pitch by the intended number of teeth. 

Rule IX. — To set out involvie teeth. In ^g, 95 let Cj, Cg be 
the centres of two circular wheels whose pitch circles are B^, Bg. 
Through the pitch-point, I, draw the intended line of connection^ 
Pj Pg, making the angle C I P = tf with the line of centres. This 
angle is usually about 75°. From C^, Cg, draw 

C^lPi = rC^ • sin B, 0^2 = 1^2 • sin 6, 

perpendicular to P^ Pg, with which two pei-pendiculars as radii, 
describe circles (caUed hose circles), D^, Dg. The proportions of 
the triangles, C^ I Pj, Cg I Pg, are in 
practice nearly as follows : — 

65 : 63 : 16 : : I C : C P : I P. 

Make a circular mould of the figure of one 
of the base circles, D ; wrap a cord round 
the edge of it ; make fast one end of the 
cord, and tie a pencil or tracing-point to 
the other end; on unwrapping the cord, 
the point will trace the figure of a tooth 
for the wheel to which the base circle 
belongs. 

All involute teeth of the same pitch 
work smoothly together. 

To mark the path of contact of the teeth ; 




Fig. 95. 



say = ^ pitch], along 

Pj Pg in either direction from I. The distance of the tip of a tooth 
of either wheel from the centre of that wheel is equal to the dis- 
tance from that centre to the further end of the path of contact. 

The teeth of a rack, to work correctly with wheels having invo- 
lute teeth, should have plane surfaces perpendicular to the line of 
connection, and consequently making, with the direction of motion 
of the rack, angles equal to the before-mentioned angle ^. 

The smallest possible nvmber of involute teeth in a pinion is the 
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63 

whole number next above 2 -s* tan f When tan ^ = ^-^ tha 

io 

number is 25. 

KuLE X. — ^To set out ^pioydoidal t&Bilk Make two moulds of 
the figure of the pitch-circle of the wheel, <Mie couTex, the other 
concave. Make a circular disc called the deeeriinng eirde, with a 
traciug-point in its circumference; thetisual size of the describing 
circle is such that its eircmnferenoe is nx tmsa the pitchy and its 
radius therefore = pitch x 0'955. To trace the y2an£a of the teeth, 
roll the describing cii-cle inside the concave mould; to trace ^eir 
fa/cesy roll it outside the convex mould. 

In fig. 96 let B £ be tiie ^tch-cirde ; C I C, part of a radius of 

the wheel ; R, i#he describing circle 
when inside "^e pitch-circle; IB!, 
the describing circle when outside 
the pitch-cirde. On the ciroum- 
fermces of the describing cirdes lay- 
off I D = ID' = the pitch; D will 
be the inner end of the flank of a 
tooth, and D' the outer end of the 
fiEUse of a tooth. 

All wheels having epicycloidal 
teeth set out with the same pitch 
and the same tlescribing circle work 
accurately together. 

The smallest practicable pinion 
having epicycloidal teeth is that 
the circumference of whose pitch- 
circle is twice that of the describing 
circle. According to usual proportions, it has twelve teeth. Their 
flanks are radial straight lines. 

RxTLE XI. — To set ont op- 
^' ^x proximaie epicydoidal teeth; 

i6t p denote the pitch, n 
the number of teeth in the 
wheel 

In ^g. 97 let B C be the 
part of the pitch-circle, A the 
p. g« point where a tooth is to 

^ cross it. SetoffAB = AC 

e ^. Draw radii of the pitch-circle, D B, E C. Diaw F B, O G, 

making angles of 75^** with those radii, in which iake 




Fig. 96. 
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Konnd !F, "witli the radius IF A, draw idie circular arc A H; this 
will be the face of the tooth. Round G, with the radius G A, 
draw the circular arc G K ; this mUl be the flank of the tooth. 
{See Willis On Mechanism.) 

4. ScrewB.^ — ^HuLE XII. — ^To find the advance 6f a screw corre- 
sponding to a given number of turns; multiply that number by 
the pitch (measured pai-allel to the axis, between corresponding 
points on two successive turns of the thread). 

HuLE XIII. — Given, the pitch of a screw; to find the obliquity 
of the thread to the axis at a given distance from the axis; 
multiply that distance by 6*2832 (so as to find the corresponding 
cireuniference), and divide by the pitch; the quotient will be the 
tangent of the required obliqxdty. 

PrUi^E XIY. — To find the Tiormal pitdi of a screw (measured 
perpendicularly to the thread) at a given distance, r, from the axis; 
letp be the pitch; then 

Nonnal piteh = j ^^^'J//^ ^ . 

Rule XV. — ^To make two screws of given numbers of threads 
and given cylindrical pitch - sarfiEuses gear together; make the 
normal pitches of the screws proportional to their numbers of 
threads, and the angle between their axes equal to th« sum of the 
obliqaities of their threads, if both are right-handed or both left- 
handed ; or equal to the difiexenee of those obliquities if one screw- 
is right-handed and the other left-handed. 

29^.Bi — ^The angular velocities of two geaiing screws are inversely 
as their nundbers of threads. 

o. iVw mvfm wmo. ■■win (whether belts, cords, or chains). — Eule 
XYL — ^To find thse ratio of the speed of turning of two pulleys 
coniiected by a band. Measure the effective radii of the pulleys 
frfoa the axis of each to the 'centre line of the band; then the 
speeds of tumiog will be inveraely as the radii. 

Hole XYII. — To design a pair of tapering speed-cones, so that 
the belt, may fit equally tight in all positions. 





Fig. 98. Fig. 99. 
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Case L — ^Belt crossed (fig. 98). Use a pair of equal and similar 
cones tapering opposite ways. 

Case IL — Belt uncrossed (fig. 99.) Use a pair of equal and 
similar conoids tapering opposite ways, and bulging in tlie middle 
according to the following formula: — Let c denote the distance 
between the axes of the conoids; r^, the radius at the larger end of 
each; rg, the radius at the smaller end; then the radius in the 
middle, r^, is found as follows : — 

^^ 2 6 28c' 

6. iJakwork^-When two pins are connected together by a link 
or connecting-rod, to find their velocity-ratio at any instant, use 
Rule X. of the preceding Section (see page 230), taking the centres 
of the pins as a pair of rigidly-connected points. 

When the points thus connected move in one plane, use Rule 
VIII. of the preceding Section to find the instantaneous aans of the 
link; the velocities of the connected points will be proportional to 
their perpendicular distances from that axis. Sboiild the triangle 
formed by the connected points and their instantaneous centre be 
inconveniently large, proceed as follows : — 

Rule XVIII. — Draw any triangle having one side parallel to 
the line of connection or centre-line of the link, and the other two 
sides respectively perpendicular to the directions of motion of the 
connected points; the last two sides will be proportional to the 
velocities of those points. 

Example. — Crank and Piston-Rod.— In fig. 100 let R T^ be a 

piston-rod ; T^, its head ; C T^, a 
crank; Tg, the cr9.nk-pin; T, Tg, 
the connecting-rod. Through T^ 
draw T^ K perpendicular to R Tj^, 
and produce C Tg; the intersec- 
tion, K, of those straight lines 
will be the instantaneous centre 
y> of the connecting-rod; and if v^ 




Fig. 100. 



¥" ^^^ ^2 ^ ^^® velocities of T^ and 

Tg respectively, w^ r Vg : : K T^ : 
K Tg: — or otherwise; through C 
draw C A perpendicular to R T^, 



and cutting the line of connection, T^ Tg (produced if necessary) in 



A. Then v^ 



CA 



172 : : ^ .A. : C Tg. 

7. PanOlei JHotions.— RuLE XIX. — Given (in fig. 101), the line 

of motion, G D, of a piston-rod, the middle position of its head, B, 

and the centre. A, of a lever which, in its middle position, A D, is 

perpendicular to D G; to find the radius of the lever, so that the 
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link connectiDg it witli B shall deviate equally to the two sides of 
G D during the motion; also^ the length of the link. 

Make D E = :i stroke; 
join A E; and perpendicu- 
lar to it, draw E F cutting 
A D produced inF; A F 
will be the required radius. 
Join F B; this will be the 
link. 

Rule XX. — Given, the 
data and results of Rule 
XIX.; also the point, G, 
where the middle position 
of a second lever connected 
with the same link cuts 
G D: to find the second 
lever, so that the two ex- 
treme positions of B shall 
lie in the same straight line, 
G B D, with the middle 
position. 

Through G draw a 




Fig. 101. 



straight line, L G K, perpendicular to G D ; produce F B till it 
cuts that line in L ; this point will be one end of the reqaired 
second lever at mid-stroke, and F L will be the entire link. 
Then in D G lay off D H = G B ; join A H, and produce it 
till it cuts L K G in K ; this will be the centre for the second lever. 

When the two extreme posi- 
tions and the middle position 
of B lie in the straight line 
G D, the whole of its positions 
are near enough to that line 
for praxjtical purposes. 

Rule XXI. — Given (in fig. 
102), the main centre, A, the 
middle position of the main 
lever, A F, the piston-rod-head, 
B, and its length of stroke; the 
rsulius, A F, of the lever, and 
the main linJe, F B, having been 
found by Rule XIX. Let the 
figure represent those parts at 
mid-stroke; and let it be re- 
quired to construct a parallel 
motion consisting of a parallel- 
ogram^ E B F (in which E rs F D is called the panraUd bar, 
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and D E = F C the b<ick link), and a radiua. lever, or bridle, H E, 
jointed to the angle E of the paraUelogmn. 

Draw the straight line A 6^ cutting the back link D E in G ; 
then by Bule XX. find the lever H E, soeh that the middle aad 
extreme positions of G shall lie in one straogbt lina 

(The point G shows where a pump-rod may, if conT^iienty be 
jointed to the back link). * 

8. Bl«ck» and Tackle.— EuLE XXII. — ^Thft ratio of the velocity 
of the /aU of a tackle to the velocity of the moving block is equal 
to the number of plies of rope by whieh the fixed and moving 
blocks are connected with each other. 

9. Pistons* — The area of a piston is to be measured on a plane 
perpendicular to its direction of motion^ The siroke of a piston 
moving in a straight line may be measured along the line of motion 
of any point in the piston ; when it moves in a circle the stroke 
is to be measured on the line described by the centre of the area. 

Rule XXIII. — To find the volume stoept by a piston per stroke; 
multiply the stroke by the area* 

Rule XXIV. — Two pistons have an invariable volnme of fluid 
between them; to find the ratio of their vdocities; take the 
reciprocal of the ratio of their areas. 

Section IIL — ^Rules RSLATora to Woek at XJnifokm A3sn> 

PEaioDicAL Spsed. 

1. Oenenii Priacipies. — In a machine moving at an uniform 
speed the driving and resisting forces are balanced. If the speed 
is varied, but in such a manner that the variations are periodic, the 
mean driving and resisting forces during one period, or complete 
revolution, are balanced. The energy exerted is equal to the 
whole work performed; in the former case, at all times; in the 
latter, during any whole number of periods or revolutions. As to 
units of work, see page 103. 

2. Compatation of Work Done. — To compute the quantity of 
work done : — 

Rule I. — When a weight is lifted to a given height: — ^multiply 
the weight by the height. 

Rule II. — When a body shifts through a given distance against 
a given force : — 

Case I. If the force is directly opposed to the motion (being a 
direct resistance), multiply the force by the distance moved ; 

Case II. If the force is obliquely opposed to the motion ; either 

rei)olve the force into a resistaTtoe directly opposed to the motion, 

, and a lateral force perpendicular to the motion (see page 160, Rule 

VIII.), and multiply the resistance by the distance moved; or 

oUiorwiae: — resolve the motion into a^dlmof comipefMni opposed 
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i» tlie enrfeire foi*ee, and a transverse component at right angles to 
it^ and nuiltiply the entixe force, hy the direct componeixt of the 
motion. (In symbols, let F be the force, s the distance moyed, 
^ the an^le of obiiqnity ; then work done =z¥ s cos B), 

Huue: IIL — When a rotating bodj turns through a given angle 
against a resisting conple of a given moment (see pp. 104, 161) : — 

Multiply that moment by the extent of turning in circular 
measure. (See page 102.) 

HuLE IV. — ^When a piston moves against a pressure of a given 
intensity (see p. 103) : — 

Multiply that intensity by the volvane swept by the piston. (See 
p^^e 238, Rule XXTTL) 

IIemabk. — The unit of volume and unit of intensity should be 
adapted to each other, so that the produot of their numbers may 
express units of work. For example : — 

Unit of Intensity. Unit of Volume. Unit of Work. 

libs, on the square foot. Cubic foot. Foot-pound. 

{P'ri^m 1 ff 1 
T . T .' > do. 

X 1 in. X 1 in. J 

Lbs. on the circular inch. | , ^lylinder 1 ft. ) ^^ 

( long X 1 m. diam. j 

Kilo, on the square mdtre. Cubic m^tre. Kilogramm^tre. 

3. Compatatlon of Energr, Powcr« and. Bfllcieitcr* — (I.) When a 

given weight descends through a given height, or (II.) a given 
force drives a body shifting through a given distance, or (HI.) a 
rotating body is driven by a couple of a given moment, or (IV.) 
a piston is driven by a pressure of a given intensity, the rules 
are the same as in the preceding Article ; except that for resistance 
is to be put effort, or driving force, end for luork done, energy eocerted. 

For stored or potential energy, use the same rules, substituting 
possible for actuai motions. 

Rule V. — To find the energy which must be exerted to make 
a machiue perform a given motion at an uniform or periodical 
speed against given resistances. Find, by the rules of the preced- 
ing article, the quantities of work done during the given motion 
against the resisting forces, and add them together; the sum will be 
the total work done, to which the energy to be exerted will be equaL 

As to Power, see page 104. 

KuLE YI. — To find the Effideruiy of a machine; distinguish, the 
resistances, and the work done against them, into usefvl and wastA- 
fid; then divide the usefvl work by the total work; the quotient 
will be the efficiency. 

KuLE VII. — To find the efficiency of a traan ofvMicKmes; mul-* 
tiply together the ^cienciea of the elemeixtaiy machines of which 
the train consists. 
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4. CompotatioB of Dririag Farce. — Suppose a macliine to be 
driven against given resistances by an effort or drivmg force applied 
at, and in the direction of motion of, the driving point; and that it 
IB required to find the effort which will maintain an uniform speed. 

KuLE VIII. — Find the eviergy to be exerted, by Rule V., and 
divide it by the space moved through by the driving point;— of 
othervnse: 

Rule VIII. a. — Find, by the principles of mechanism (see Sec- 
tion I. of this part, pages 231 to 238), the ratios of the velocities 
of the several working points, where resistances are overcome, to the 
velocity of the driving point. Multiply each direct resistance by 
the velocity-ratio belonging to its point of application, and add 
together the products; the sum will be the required effort 

Remarks. — This is called " redtudng the resistances to the driving 
point." Rule VIII. A. may be applied to a machine capable of 
motion, though not actually moving; it is then called the "prin- 
ciple ofvirtvuL velocities!^ When only one resistance is overcome, 
the effort and resistance are to each other inversely as the velo- 
cities of their points of application. 

5. FrictioB in Biachincs.— RuLE IX. — To calculate the resistance 
of friction to the sliding of two surfaces (when the pressure is not 
so great as to grind the surfaces, or force out the unguent), mul- 
tiply the amount of the load, or direct pressure between the sur- 
faces, by the co-efficient of friction. 

Explanation of the Table, — ^, angle of repose; /= tan ^, co-effi- 
cient of friction ; 1 :/= cotan ^, reciprocal of that co-efficient. 
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Wood on wood, dry, 

„ „ soaped, 

Metals on oak, dry, 

>> »> Yt^ 

„ „ soapy, 

Metals on elm, dry, 

Hemp on oak, dry, 

»> >» ^®^ 

Leather on oak, 

Leather on metals, dry, 

»> >» wet, 

„ „ greasy, 

»» „ o%i 

Metals on metals, dr}% 

,, ,, wet and clean, 

,, ,, damp and slimy,... 

Smooth surfaces, occasionally greased, 

,, „ continually greased, 

„ „ best results, 

Bronze on lignum vits, constantly wet, 



(P 



14° to 264° 

114° to 2° 

264° to 31** 

134° to 144^ 

114 
114° to 14° 

28° 

184° 
15° to 194° 

294° 

20° 

gto 

84° to 114° 

164° 
00 

4° to 44° 

If to 2° 

3"? 



/ 



•25 to '5 

•2 to "04 

•5 to -6 

'24 to '26 

•2 
•2 to '25 

•53 

'33 
•27 to -38 

•36 
•23 

•15 

•15 to '2 

•3 

•07 to '08 

•OS 
•03 to '036 

•05 T 



1:/ 



4 to 2 

5 to 25 

2 to I -67 

4-17 to 385 

5 
5to4 

1*89 

3 
37 to 2*86 

179. 

278 

4*35 
6-67 

6*67 to 5 

333 
714 

14-3 to 12*5 

20 
33'3 to 27-6 

20? 
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In order that the load may neither grind the surfistces nor force 
cut the unguent of the bearings of machinery, the pressure is to be 
limited by the following rules; in which, by a/rea of hiring is 
meant the product of the length and diameter of a cylindrical 
bearing; although the real area on which pressure acts is much 
smaller. 

Rule X. — Add 20 to the velocity of sliding in feet per minute, 
and divide 44,800 by the sum; the quotient will be the greatest 
proper intensity of pressure in lbs. on the square inch, with the 
further limitation that the intensity is in no case to exceed 1,200 
lbs. on the square inch. 

Hule XL — To calculate the momemJb of friction of an axle; 
multiply the resultant load by the radius of the axle, and by the 
sine of the angle of repose (which is sensibly equal to the co-efficient 
of friction). 

6. Pniiey mnd Strap.— Let T^ be the tension at the tighter side of 
the strap, and Tq the tension at the slacker side, so that T^ — Tq 
is the force to be exerted between the strap and pulley; also let c 
be the arc of contact between the strap and pulley, in fractions 
of a circumference, and y the co-efficient of friction. 

Rule XII. — Given, c, /, and the force Tj - T^; to find the 
tensions, greatest, least, and mean. Let N be the number corre- 
sponding to the common logarithm 2*73 /c; then 

T — T "N* 

T— -^1 -^0 . T — -^^ /T — T \ • 

^ljt_£p _ ^ "^ -^ . /T -» T \ 
2~ " 2 (N - 1) ^^1 ^^' 

ItEMABK. — ^Whether the calculation relates to driving belts or to 
strap-brakes, the co-efficient, /, should be estimated on the supposi- 
tion of the surfaces being oily; say 0*15 for leather on metal, and 
0*08 for metal on metal. 

7. Babutcing of machinenr.— In a machine every piece which 
turns on an axis should, as far as possible, have its re-actions 
balanced. 

Rule XIIL — In order that there may be no tendency to shift 
the axis, arrange the weights that turn together about it so that 
their common centre of gravity shall be in the axis. (This 
constitutes a "standing balan>ce") 

Rule XIV. — In order that there may be no tendency to turn 
the axis into varying directions; multiply each of the masses that 
turn together about the axis by its arm or perpendicular distance 
from the axis. Regard the products as representing forces, each 
puUing the axis towards the mass to which that product belongs. 
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and arrange the mafiseB so that liie momeiita of those foices'shall 
halance each other. 

BuLES XIII and XIY. are thus expressed algebraically. At a 
fixed point in the axis of rotation, let three planes fixed relatively 
to the rotating masses cat each othor at right angles; two inter- 
secting each other in the axis, and the third perpendicular to it. 
Let m be any one of the masses which rotate with one angular 
velocity about the axis, and x^ y, Zyits distances from the first, 
second, and third planes respectively. Then for a standing 
balance, make 

2*«ia; = 0;2*«2y = 0; 
and for a running balance, make also 

^'f»zx = 0;^'mzy = 0. 

8. HTmk of Tavlable F«rec. — ^HuLE XY. — ^To find the work done 
against a varying resistance, or the energy exerted by a varying 
efibrt. Construct a diagram in which intervals of the length, or 
base-line, shall represent distances, and breadths or ordinates shall 
represent forces acting through those distances. The area of the 
diagram (measured by the Bules of pages 64, 65, 66, 67) will 
represent the work done, or the energy exerted. The common 
trapezoidal Bule, D, page 67> is usually accurate enough for this 
purpose. 

E.EMABK. — If intervals of the length be taken to represent 
volumes swept through by a piston, and breadths to represent 
intensities of pressure (as in page 239), the area of the diagram will 
still represent work done or energy exerted. 

Rule XVI. — To find the mean value of the varying force; 
divide the area of the diagram by its length, so as to find its mean 
breadth; this will represent the required mean forca 

9. Beslsiance on lilnes of* IjnBd-€anrlago.^^RULE XVIL — To 

find the resistance of a load drawn on a line of conveyance by land ; 
to the co-efficient of resistance on a level (/) add the sine of the 
inclination ( ^ ) if ascending (or subtract that sine if the inclination 
is descending); multiply the load by the sum (or difibrence). 
In symbols, let W be the load, R the resistance; then 



R = (/=t=t)W. 

Yalites of the Co-efficient of Resistance ok a Level. 

I. Roads, — Let v be the velocity in feet per second; r, the radius 
of the wheels of the carriage in inches; then 



. o + 6(t7-3-28) .„ . , 
/ = h: (Morm). 
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a. b, 

Por good broken stone roads, < . .^ > '025 

•n j_ (from -27 '068 

For pavements, j ^^ .^^ .^^ 

"Valiies of ^ from experiments by Sir John Macneill, — 
Sandy and gravelly ground, '14; gravel road, '07; 
Broken stone road, from *03 to *02; pavement, '01 S>. 

II. Baikoays* — Let Y be the speed in miles an hour; then 

/= from -0027 to -004 Tl + jttq)- 

On curves, add to the above value o£/, 

3.3 

For carriages with parallel axles, — =; -. — 7—; 

raciius m leeti 

1*36 
For carriages with moveable axles, —7^ — -. — tt-t- 
^ radius in feet 

KuLE XVIU. — ^To calculate the probable adhesion of a locomotive 
engine; multiply the weight which rests on the driving wheels by 

the co-efficient of adhesion ( = about -j. In symbols, let E be 

the weight of the engine, q the fraction resting on driving wheels; 
then 

Adhesion = about ^-=^ 
Oedinaby Values of q and ^. 

Na of Driving _ q 

Wheela. ^' f 

ry ' ( from '33 '048 

Passenger engines, 2 ^^ .^^ .^^^ 

Goods engines, 4 { J^^^ [Jj ;°^5 

Do da all I'oo '143 

* Proportion of gross to net load in railway trains; goodft, from. 1 J to 1} ; 
mineriJs, from If to 2; passengers, about 3. FasseneerB 'witboat lavage 
weigh OD aa average about 15 or IG to the ton; with luggage, about 10 to 
the ton. 
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Obdinary Weights of LoooKonyx Engines.* 
Weights of Engines voiih separale Tenders, — 

CIbB Teodar woi|^ from 10 to 15 toii&) Tod& 

Narrow gauge paasenger locomotiyes, six- ) to to 2 « 

wheeled, with one pair of driving wheels, j ° 3 

Do. do. do. onnsiiallj heavy, 24 to 27 
Broad gauge passenger locomotive, eight- 1 

wheeled, with one pair of driving wheels > 35 

8 feet in diameter, j 

Croods locomotive, from four to sue wheels, ) 07 to q 2 

coupled, ..• I 7 3 

Weights of Tank Engines, carrying Fud and Wa£er, — 

Tons. 

For light traffic on branch lines, 12 to 20 

For heavy traffic on steep inclined planes, ) . ^■ 

with from six to twelve wheels, J ^ 

B.ULE XIX. — ^To calculate the greatest tractive /orce (P) of a 
locomotive engine ascending a given gradient Multiply the 
weight of the engine (E) by the sine of the inclination (t), and 
subtract the product from the adhesion. In symbols,— 

p . Cf - rt K 



.(f-c) 



In order that an engine may be able to draw a given load, P must 
be not less than R, (Rule XVI.) That is to say, on the ruling 
gradient, let E be the weight of the heaviest engine, T that of the 
heaviest load drawn behind the engine; then 

(f-»)E=(/+i)T. 

Hence the following rules : — 

E ^f±i 
Rule XX. — Given, q, i,fi then T ~ g 

Rule XXL— Given, E, q, T,/; then i = ~1 ^ 

E + T * 

• Proper weight of rails, in lbs. to the yard = 15 x greatest load on a 
drivinjg wheel in tons. 

Weight of a chair; common = 1 foot of rail; joint = from l\ to U foot 
of ralL 
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KuLE XXIL — To find the total work done by a locomotive 
engine in a given time; multiply the resistance of engine and train 
as carriages by the distance run, for the net work; then multiply 
by about 1^, to allow for resistance of mechanism of engine. In 
symbols^ let x be the distance run; then 



Total work = l^x {/z±z i) (E + T). 

Section IV. — Eules belating to Varying Speed. 

1. Oeaerai Principles.— An unbalanced force applied to a body 
produces change of momentum equal in amount to and coincident 
in direction with the impulse exerted by the force. Impulse is the 
product of the force in absolute units (see page 104) into the time 
during which it acts in seconds. Momentum is the product of the 
mass of a body into its velocity in units of distance per second. 
The unit of mass is the mass of an unit of weight — such as a pound 
avoirdupois, or a kilogramme. A body receiving an impulse re-acts 
against the body giving the impulse, with an equal and opposite 
impulse. 

2, Acccleralion and Retardation. — KULE I. — ^To find what impulse 

is required to produce a given change in the velocity of a given 
mass; multiply the weight of the mass by the change in its velocity, 
in units of distance per second. 

(If the change consists in acceleration, the impulse must be 
forward; if in retardation, backward.) 

Kule IL — To find what energy must be exerted upon or taken 
away from a given mass to produce a given increase or diminution 
of its velocity; find the impulse required; divide it by the 
number of absolute units of force in the weight of an unit of 
mass^ and multiply the quotient by the mean velocity during the 
change; — or otherwise: multiply the weight of the mass by the 
change in the value of the haif-squa/re of its velocity, and divide by 
the number of absolute imits of force in the weight of an unit 
of mass. 

Hemark. — ^Absolute units of force in the weight of an unit of 
mass; in British Measures (velocities being in feet per second), 
32 '2 nearly; in French Measures (velocities being in metres per 
second), 9*809 nearly. (See page 104.^ This constant is denoted 
by g^ and sometimes called ^^gramty. 

* More exact formula for g, 

fl' = (71 (1 — 0-00284 cos 2 X) (l - ^Y 

in which gi =s 32 '1695 in British Measnxes, or 9*8051 m French Measure*; 
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BuLE III. — ^To calculate the actual energy of a moTing mass; 
nuiltiplj its weight by the half-aqoaze of its velocitj, and diTide 

Buus lY. — ^To oaleulate what anbalanced efibrt, or unbalanced 
resistance, as the case may be, is reqaired 'to pi*odnoe a given 
increase or diminution of a body's speed, in a given time, or in a 
given distance. 

Case I. — If the time is given; multiply the weight of the mass 
by its change of velocity; divide by g, and by the time in seconds. 

Case II. — If the distance is given ; multiply the weight of the 
mass by the change in the half-square of its velocity, and divide by 
g, and by the distance. 

E.ULE Y. — ^To find the re-^iction of an accelerated or retarded 
body ; find, by Rule I Y., Hie force required to produce the change 
of velocity ; the re-action will be equal and opposite. 

Remark. — The momentum, eneigy, and re-action of a body of 
any figure undergoing translation are the same as if its whole 
mass were concentrated at its centre of gravity. 

3. ]»cTlated III«ti«B mmd CMitrllacal F«rcc. — To make a body 
move in a curve, some other body must guide it by exerting on it 
a deinating Jbrce directed towards the centre of curvature. The 
revolving body re-acts on the guiding body with an equal and 
opposite centrifugal force. 

Bulk YI. — To find the deviating and centrifugal force of a 
given mass revolving with a given velocity in a circle of a given 
radius. Multiply the weight of the mass by the square of its 
linear velocity, and divide by the radius ; — or othemdee : multiply the 
mass by the square of its angular velocity of revolution (see page 
228), and mtdtiply by the radius : — ^the result will be the value of 
the deviating and centrifugal forces in absolute units, which may 
be converted into units of weight by dividing by g, 

Remabx. — ^The resuUant centrifugal force of a rigid body of any 
shape is the same in amount and direction (though not the same 
in distiibution) as if the whole mass were collected at its centre c£ 
gravity. 

HuLE Yll. — >To find the height of a revolving pendidum which 

.makes a given number of revolutions per second; divide ^ by 
the sqaare of the number of zevolutions per second. ( Approxiaiate 
values of .-g, being the height of the pendulum, which makes 

X, latitude of the place ; oheerring that when 2 X becomes obtnse, the term 
containing it is to be added instead of being subtracted ; A, height above the 
level of the sea; and H, the earth's radius = 20,900,000 feet, or 6^370,000 
anetfw,' neariy. 
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one revolution per second; 0*815 foot = 9*78 inches = 0*248 
metre nearly.) 

N.B. — The heiffht of a TeTolving iieBdnlttm is measured ver- 
tically, from the level of its centre of gravity to the level of the 
point where the line of suspension cuts the axis of revolution. 

4. Rotating Bodim— Fiy^Wheei*. — As to the moTnent of inertia, 
of a body turning about an axis, see pages 154 to 156. 

KuiiE VIII. — To find the angular TnomerUui/m, of a i-otating 
body ; multiply its moment of inertia by its angular velocity in 
circular measure. (See page 102.) 

Rule IX. — To find the act^wl energy of a rotating body; 
multiply either its angular momentum by half its angular velocity, 
or its moment of inertia by the half-square of its angular velocity; 
divide the product by g. 

Rule X. — To find the moment of the couple required in order 
to produce a given change in the angular velocity of a rotating 
body, in the course of a given time, or of a given angular motion, 
as the case may be. 

Case I. — IS the time is given; divide the change of angular 
momentum by g, and by the time in seconds. 

Case II. — ''If the angular motion is given; divide the change of 
actual energy by the angular motion in circular measure. 

Ruiife: XI. — i-Given, the alternate excess and deficiency (A E) of 
energy exerted as compared with work performed in a machine; 
to find the moment of inertia of Kjly-whed, such that the fluctuation 
of speed (or dijQference between tiie greatest and least speed) shall 

not exceed a given fraction of the mean speed (say — j. Let a be 

the mean angular velocity of the fly-wheel, I its required moment 
of inertki; then 

^ f» gr A E 

J. = a • 

a^ 

Ordinary values of m, from 30 to €0 nearly; of m ^, in British 
Measures, from ^boot .1,000 to 2,000. 

Table of Talnes of tbe ratio of tke alternate excess and deficiency 

of energy, A E, to the whole work per revolution, / P i? «, in 
steam-engines of various kinds (Morin). 

Nx)NrExPANSivE Ekoqks. 

Length of connecting rod _ .^ 

Length of crank "" o 4 

AE~/Pc^« SB -los 'iiS -125 •13a 
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EXPAKBIYB OONDENSINa ENGINES. 

Oonnectiiig rod = crank x 5. 

JBVaction of stroke at) i i i i i i 

which steam is cut off/ 345678 

AE-rjPrf« = -163 -173 -178 -184 -189 -191 

ExPAHSrVE NON-CONDENSINO ENGINES. 

Steam cut off at --._-. 

2345 

AE-T-|Prf« = '160 -186 -209 -232 

For double cylinder expansive engines, the value of the ratio 

A E -r / T da may be taken as equal to that for single cylinder 

non-expansive engines. 

For tools toorking at intervala, such as punching, slotting, and 
plate-cutting machines, coining presses, <fec., A E is nearly equal to 
the whole work peiformed at each operation. 

5. FaUiiic Bodies.— The following rules apply to a body Mling 
without sensible resistance from the air : — 

BuLE XII. — To find the velocity acquired at the end of a given 

time; multiply the time by^. (See page 245.) 

BuLE XIIL — To find the height of fall in a given time; multiply 

1 
the square of the time by ^ g, 

BuLE XIV. — To find the height of fall corresponding (or "due") 
to a given velocity; divide the half-square of the velocity by g. 

BuLE XV. — To find the velocity due to a given height; multiply 
the height by 2 g, and extract the square root (or, in British 
Measures, multiply the square root of the height in feet by 8-025 
for the velocity in feet per second; or, in French Measures, mul- 
tiply the square root of the height in metres by 4*429 for the 
velocity in metres per second). 

Table of Heights due to Velogities. 

ExpUvnaJtion of SyrnhoU. ' 

V = Velocity in feet per second. 
h = Height in feet = v^ -^ 64'4. 

This table is exact for latitude 54°f , and near enough to exact- 
ness for practical purposes in all parts of the earth's sudiEboe. 
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V 


A 


V 


h 


V 


h 


I 


•01553 


27 


11-320 


54 


45280 


2 


•062 II 


28 


12-174 


56 


48695 


3 


•13975 


29 


13-059 


58 


52235 


4 


•24845 


30 


13975 


60 


55-901 


5 


•38820 


31 


14*922 


62 


59*688 


6 


•55901 


32 


15*901 


64 


' 63*602 


7 


•76087 


322 


i6*ioo 


64-4 


64*400 


8 


•99379 


33 


16*910 


66 


67 *640 


9 


1-2578 


34 


17*950 


68 


7 1 *8oo 


ID 


1-5528 


35 


19*022 


70 


76*087 


II 


1-8789 


36 


20*124 


72 


30*496 


12 


2-2360 


37 


21*257 


74 


85*029 


13 


2*6242 


38 


22*422 


76 


89*688 


14 


3^0435 


39 


23*618 


78 


94*472 


15 


3^4938 


40 


24*845 


80 


99*379 


i6 


3^9752 


41 


26*102 


82 


104*41 


I? 


4-4876 


42 


27*391 


84 


109*56 


i8 


50311 


43 


28*711 


86 


114*84 


19 


56056 


44 


30*062 


88 


120*25 


20 


6-2II2 


45 


31-444 


90 


125*78 


21 


68478 


46 


32857 


92 


131-43 


22 


7-5155 


47 


34301 


94 


137*20 


23 


82143 


48 


35776 


96 


143*10 


24 


89441 


49 


37-283 


98 


149-13 


25 


97050 


50 


38-820 


100 


155*28 


26 


IO-497 


52 


41-987 







6. Reduced Inertia. — KuLE XVI. — To reduce the inertia or 
mass of a machine to the driving point. Multiply the weight of 
each moving portion of the machine by the square of the ratio of 
its velocity to the velocity of the driving point; and add together 
the products; the sum will be the weight of the mass which, if 
concentrated at the driving point, would require the same force to 
produce a given change in its speed, in the course of a given time 
or of a given motion, that is required by the actual machine. 



Section V. — Strength of Machinery. 

1. simila. — See pages 226, 227 for the relations between 
greatest twisting moment, greatest working stress, and diameter. 
As to the twisting moment for which prpvision is to be made, 
regard must be had not merely to the Tnean moment transmitted by 
the shafi)^ but to the greatest mofnent. 
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KuLE XYIL — Given, the horse-power of the prime mover that 
drives a shaft, and the number of revolutions per minute; to find 
the mean twMng momeni: multiply ibe horse-power bj 5250, and 
divide by the turns per minute; the quotient will be the mean 
twisting moment in foot-lbs. ; which, multiplied by 12, will give 
inch-lb& 

BuLE XYUI. — In a shaft driven by steam-power, given, the 
mean twisting moment; to find the greatest twisting morMvU; 

If the shaft is driven by a single engine, multiply by i '6 

If by a pair of engines, with cranks at right angles, 
multiply by I'l 

If by three engines, with cranks at angles of ^ 
revolution, multiply by 1*05 

2. ii«ds. — Piston-rods are to be treated as struts fixed at one 
end and jointed at the other. (See page 210, Hule XXI Y.) 
Connecting-rods are to be treated aa struts jointed at both ends. 
(See page 209, Rule XXTTL) 

3. Anis wamk Teeth ^f mrheeU.— BULE XIX. — To find the 

greatest bending moment on an tvrm, of a whed; divide the greatest 
twisting moment on the dbaft by twice the number of arms. 

Rule XX. — To find the greatest pressure exerted on a tooth of 
a whed; divide the greatest twisting moment on 1^ shaft by the 
perpendicular distance from tiie axis of the shaft to the lijie of 
action of the teeth. 

As to the thickness ofteeihy see page 233. 



Section YL — ^MnacuLAjR Power. 

1. QeaoMil ^riadplea. — ^Let P be the effort exerted by an 
animal in performing worik, Y the velocity of the point at whidi 
the effort is applied, and T the time for which the effort P is 
exerted at the velocity Y dnring^a day's work; so tiiat P Y T is 
equal, or proportional, to the work done per day. Let P^, Y^, Tp 
be the values of P, Y, and T, corresponding to the greatest day's 
work of the animal, Pj^ Y^ T^. Then for values of P, Y, and T, 
not greatly deviating m)m P^, Y^ and Tp we have 

P Y T .. 

Pi "*■ Tj "^ Ti = ^^ 

80 that when any five of those quantities ace given, the BixtL may 
be found. 
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Approxlnukte ValoM of 
Lka Ftperiac. Mile^ per hoar. Seconda HoanL 

Good average ) 
draught horse, J 
High-bred horse, 64 

Ox, 120 

Mule, 60 

Ass, 30 

2. Tables •fVwibraiaaw of Hoi 

P, effort in lbs.; V, velocity, feet per second; T, hours' work per 
day; P Y, work per second, in foot-lbs.; 3,600 P V T, work per 
day^ in foot-lbs. 

I. — WoBK OF A Horse against a known Besistance. 



36 


H 


nearly. 


28,800 


8 


7*2 


5 


j> 


28,800 


8 


2-4 


1-6 


}i 


28,800 


8 


3-6 


4 


>> 


28,800 


8 


36 


H 


» 


28,800 


8 



Explanation of Table I. : — 



Kind of Exertion. 



V 


T 


PV 


I4I 


4 


447i 


3-6 


8 


432 


3-0 
6-5 


8 

44 


300 
429 



3,600 PVT 



1. Cantering and trotting, 

drawing a lieht rad- 
way carriage (worough- 
bred), 

2. Horse drawing cart or 

boat, walking (draught 
horse), 

3. Horse driving a gin or 

mill, walking, 

4. Ditto, trotting, 



fmin. 22i 
< mean 304 
(max. 50 



120 

100 
66 



6,444,000 



12,441,600 

8,640,000 
6,949,800 



Explanation of Table H. : — L, net load drawn or carried hori- 
zontally, in lbs.; V, velocity, feet per second; T, hours' work per 
day; L Y, lbs. conveyed horizontally one foot per second; 3^600 
L V T, lbs. conveyed horizontally one foot per day. 

II. — Performance of a Horse in Transporting Loads 

Horizontally. 





L 


V 


t 


LV 


8,600LyT 


mravs loftded..... .......»■ 


1,500 
750 

1,500 


3-6 

7-2 

2ro 

3-6 
7-2 


10 
4i 

10 

10 

7 


5,400 
5,400 

3,000 

972 
1,296 


194,400,000 
87,480,000 

16^,000.000 

34,992,000 
32,659,200 


6. Trottins ditto 


7. Walking with cart, go- 

ing l<Mided, retaming 
empty; V = 1 of mean 
velocity, ~. 

8. Carrying bnrden, walk- 

ing, ; 

9. Ditto. imtfiTify. - 
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3. TiMes •r W«tk •# Hflib^Explaiiation of Table I. : — P, effort, 
lbs.; V, velocity, feet per second; T, houi-s' work per day; P V, 
work, fooi-lba per second; 3,600 P V T, work, foot-lbs. per day. 

I. — WoBK OF A Man against EInown Besibtances. 



Kind of ExertloiL 


P 


V 


T 


PV 


a,600PVT 


1. Baismg his own weight up 
Rtftir or laddflir. ...tt-*..t.TT*t 


143 

40 
44 

143 
6 

132 

26-5 

]i8o 
(20-0 

13*2 

15 


OS 

075 
0-55 

0-13 
1*3 

0-075 

2-0 

50 

25 
14-4 

2*5 

? 


8 

6 
6 

6 

10 

10 
8 

• 

8 
2mins. 
10 
8? 


725 

30 
24*2 

18-5 

7-8 

99 

625 

45 
288 

33 

• 


2,088,000 

648,000 
522,720 

399,600 

280,800 

356,400 
1,526,400 

• • • 

1,296,000 

*•• 

1,188,000 

480,000 


2. Haiding np weights with 
rope, and lowering the 
roDO unloaded. ..»ttt 


3. liffcing weights by hand, 

4. Carrying weights up stairs, 

ana returning unloaded, ... 

5. Shovelling up earth to a 

height of f> ft. 3in...t.t 


6. Wheeling earth in barrow up 
slope of 1 in 12, i horiz. 
veloc 0*9 ft. per sec., and 
retumini? unloaded. t t - 


7. Pushing or pulling horizon- 
tally (capstan or oar), 

8. Turning a crank or winch,... 

9, Workinp T>uTm> t. .»...♦.--- 


IOt TTamTnenifi' t 




t^'^'t^'^^^' 



Explanation of Table II. : — L, load conveyed horizontally, lbs. ; 
V, velocity, feet per second; T, hours' work per day; L V, lbs. 
conveyed horizontally one foot in a second; 3,600 L V T, lbs. con- 
veyed horizontally one foot in a day. 

II. — Performance op a Man in Transporting Loads 

HORIZONTALLT. 



Kind of Exertion. 


L 


V 


T 


LV 


8,600LVT 


11. Walking unloaded, transport 
of own weifirht 


140 

224 

132 

90 

140 


5 

li 

2i 

I* 



117 
23-1 


10 
10 

10 
7 

6 

... 
... 
••• 


700 

373 
220 

225 

223 

1474-2 



25,200,000 

13,428,000 
7,920,000 
5,670,000 

5,032,itoo 

• • • 

• • • 
 fl • 


12. Wheeling load in 2-wheeled 

barrow: returning unloaded, 

13. Ditto in 1-wh. barrow, ditto, 

14. Travelling with burden, 

15. Carrying burden, returning 

uiuoaded. ......T......r*tt.t... 


16. Carrying burden for 30 se- 
conds OnlV. .TTtT-.ttt.T.ttTT... 




( 



99 


•05 to '0625 




•06 to '07 
; '008 
•008 


»> 

w 


•3 
•3 
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Til. — Day's Work op a Man required for various 
Operations. (Day = 10 Hours.) 

Shovelling earth, one cubic yard, thrown not 

more than 5 feet vertically up; if dry, from '05 to '0625 

Ditto, wet mud, „ '06 to '08 

Excavating earth with the pick, one cubic 

yard, „ -025 to '2 

"Wheeling one cubic yard of earth in barrows 
from 100 to 120 feet horizontally; if up a 
slope at the same time, deduct 6 feet from 
horizontal distance for each foot of total 
rise, 

Spreading and ramming earth in layers from 9 
to 18 inches deep, one cubic yard, 

Dressing slopes of cuttings, one square yard,.... about '008 

Soiling slopes, 6 inches thick, one square yard. 

Making clay puddle, one cubic yard, 

Spreading do., do., 

Quarrying rock of moderate hardness with 

wedges, average „ '4 

Quarrying rock of moderate hardness by blast- 
ing,* average „ -45 

Jumping holes in rock, 100 cylindrical inches, 

granite, ; from i*o to '5 

Do. do. do., limestone, „ '2 to '15 

Driving mines in rock ; dimensions from 3^ feet 
X 3^ feet to 3^ feet x 5 feet; one foot for- 
ward, „ 2*o to 5'o 

Quarrying rock in tunnels, one cubic yard, „ 75 to 3*0 

Making one thousand bricks, | ^^!\i^^' l'.^^ 

Mixing mortar by hand, one cubic yard, '75 

Mixing concrete, wheeling and laying, one 

cubic yard, '3 

Loading barrows with stone, one cubic yard,... '06 

Wheeling one cubic yard of stone 100 feet 
horizontally; if on an ascent, allow 6 feet 
of distance for each foot of rise, '045 

Unloading barrows of stone, one cubic yard,. ... '03 

* Weight of rock loosened ~ weight of powder exploded = in small blasts 
from 7,000 to 14,000; average 10,000 : in great blasts from 4,600 to 13,000 ; 
averaee between 6,000 and 7,0CK). One lb. of blasting powder fills about 
30 cubic inches = 38 cylindrical inches. If gun-cofcton be used instead 
of powder, allow one-sixth of the weight and one-half of the space. 
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ix>o 


•50 


— 


•90 


•90 


1-5 


•90 


-90 


2'2S 


•90 


'^ 
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I -00 


1-00 


6xx> 


2*00 


2*00 
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Stone Muonrr, BraaUng 

ooe outato yaio. Stona. 

Dry stone, '64 

Coureed rubble, '64 

Block-in-conrae, 'po 

Do. arching, -90 

Ashlar (soft (from 1*80 

sandstone), . . . . ( to . . . 2*50 

Breaking and stone cutting for hnder sfcoiies; 
hard sandstone = soft sandstooe x 2. 
hard limestone, marble, granite ^ soft sandatone x from 3 to 4. 

Facing ashlar (soft sandstone), per sqnare foot- 
stroked, '05; dicved, '07; polished, *1. 

Curved fEudng^flat x f 1+ — r; — . ^. \ 
° \ radios in teet/ 

Taking down old masonry, one cubic yard, from *5 to *6. 

Brioldayer. Labomer. 3^*J^ 

Brickwork, ordinary, one cubic yard, '6 '6 -2 

„ arching and other curved work, -9 '9 ^dependia^ 

( on f-ftntarSng. 

„ in tunnels, about double of similar brickwork above 

ground. 

Bncklayer. Labourer. 

Laying and jointing drain pipes, one lineal 

foot, j^er inch diameter, '0025 '0025 

Sinking cylinders for foundations under water with compressed air; 
per cubic yard of earth removed, '67 

Sawing timber, one square foot; 

Pine and fir, from '0045 to '005 

Ash, elm, beech, mahogany, „ '0065 to '007 

Oak, „ -0075 to -009 

Teak, 'oi 

Shaping timber; pine -woods; one cubic 

foot, from ' 04 to '135 

Planing pine woods, per square foot, '013 

Boring hole | diameter, one lineal foot, in 

pine-woods, *02 

Do. do., in hard leaf -woods, '03 

* Supply of air should be at the rate of 30 cubic lieet per nun per minuta 
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Carpenter. Labourer. 

Erecting centres for arches; per 100 T from 1-55 75 

square feet area of soffit^ (to... 1*70 *8o 

Hen*e tlmei "Bapf ttmei 
Bivetting iron ships; from 100 to 140 ) ^^ ^.^ ^ ^^ 

nvets, r •* 

Making plank roads; breadth planked^ | 

8 feet; total breadth, 16 feet; 1 lineal > zx> 

foot,, J 
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HYDRAXILICa 

Section I. — Rules relating to the Flow of Water. 

1. Head of iTater. — KuLE L — To find the head of a particle of 
water; add together the head qfelevaUony or height of the particle 
above some fixed or "datum" level, and the Jiead of pressurCy or 
intensity of the pressure exerted by the particle expressed as the 
height of an equivalent column of water. (See pages 103, 115.) 

In stating the pressure, it is usual not to include the atmospheric 
pressure ; so that the absolute pressure exceeds the pressure stated 
in the common way by one atmosphere. When the absolute 
pressure is equal to the atmospheric pressure, the pressure stated 
in the common way is = ; when the absolute pressure falls short 
of the atmospheric pressure, their difierence is called vacuum. 

The atmospheric pressure, at the level of the sea, varies from 
about 32 to 35 feet of water, and diminishes nearly at the rate of 
1-lOOth part of itself for each 262 feet of elevation. 

In the rest of this Section, heads in feet of water will be denoted 
by A. 

2. Tolnme and Tdocltr of Flow. — E.ULE 11. — To find the volume 

of flow of a stream; multiply the mean velocity by the sectional 
area. 

BuLE III. — ^To find the mean velocity of flow of a stream; 
divide the volume of flow by the sectional area. 

Rule IV. — In a stream like a river channel the ratio of the 
mean velocity to the greatest velocity (which occurs at the middle 
of the stream) is nearly = 

greatest velocity + 7*71 feet per second 
greatest velocity + 10*28 feet per second* 

The least velocity, being that of the particles in contact with the 
bed, is nearly as much less than the mean velocity as the greatest 
velocity is greater than the mean. In ordinary currents the least, 
mean, and greatest velocities are nearly as 3 : 4 : 5 ; in very slow 
currents, as 2 : 3 : 4. 

In what follows, volwme of flow in cubic feet per second will be 
denoted by Q; the mean velocity of a stream in feet per second 
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by v; and the sectional area in squa/re feet by A; so that Q = 
V A. 

3. Relation between Head and Telocitj. — HuLE "V .^-^Theoretical 

heady hy due to a given velocity, v ; 

KuLE VI. — Theoretical velocity, v, due to a given head, h; 

V = 8-025 ^/X 

Rule YII. — To find the loss of head, A, due to a given gam 
of velocity in a stream ; let the velocity of a^pproach (or original 
velocity, at the point where the greater head is) be the fraction, n, 
of the velocity of discharge; let v be the velocity of discharge ; and 
let F be 9^ factor of resistance (as to which, see next Article); then 

EuLE VIII. — To find the velocity of discharge due to a given 
loss of head; 



" = 8025 ^ (nr#z-„.)- 



Remabk. — n is the ratio of the sectional area of the channel of 
discharge to that of the channel of approach. When those areas 
are equal, as in an uniform channel or an uniform pipe, 1 — n^ = 0; 
and t&en the formulsB become 



* = ^^« = 8025^|. 



4. Vacton of Besistanee*— Yalues of F in Rules YII. and YIIL 
(1.) Friction of an orifice in a thin plate — 

F -= 0-054. 

(2.) Friction of mouthpieces, or entrances from reservoirs into 
pipes. — Straight cylindrical mouthpiece, perpendicular to side of 
reservoir — 

F = 0-505. 

The same mouthpiece making the angle fi with a perpendicular 
to the side of the reservoir — 

F = 0-505 + 0-303 sin 6 + 0-226 sin^ 0. 

For a mouthpiece of the form of the '^contracted vein'' — ^that ia, 

8 
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one Bomewliat bell-sbaped — and so proportioned that if c? be its 
diameter on leaving the reservoir^ then at a distance d -i- 2 from 
the side of the reservoir it oontracts to the diameter *7S54 dy — ^the 
resistance is insensible, and F nearly = 0. 

(3.) Friction at evdden enlargementa. — Let A^^^ be the sectional 
area of a channel, in which a sluice, or slide valve, or some such 
object, produces a sudden contraction to the smaller area a, followed 
by a sudden enlargement to the area A^ Let v in the formuls of 
Kules YIL and YIIL stand for the velocity in the second enlarged 
part of the channel, so that Q = A^v. Let 

„ = ^^ (2-618- 1-618 
Then 

F = (71 - 1)2 

(4.) Friction in pipes amd conduits, — ^Let A be the sectional area 
of a channel; b, its border — ^that is, the length of that part of its 
girth which is in contact with the water; I, the length of the 
channel, so that ^ 5 is the frictional surface; and for brevity's sake 
let A -7- 6 = m; then, for the friction between the water and the 
cddes of the channel, 

' -^ A m' 
Let d= diameter of pipe in feet; then 

For iron pipes (not pitch-lined) *.../= 0*005 f 1 + ts;^ j; 

0*000227 
For open conduits, /= 0-00741 + - 



V 

19 



The quantity m = A ■«• 6 is called the ^^hydravlic mean depth 
of channel, and for cylindrical and square pipes running full is one^ 
Jowrth of the diameter. 

BuLE ]!X. — ^To find the declivity (i) in an uniform channel of a 
given hydraulic mean depth (m); 

I m 2 g 

In an open channel this is an actual slope of the surface of the 
water. In a close pipe it may be a virtual dedivity, due wholly or 
partly to diminution of pressura 

* In iron pipes lined with smooth pitch the co-efficient of friction is about 
cne-sizth part less than in onlined pipes. 
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(5.) For bends in circular pipes, let d be the diameter of the 
pip^i f> the radius of curvature of its centre line at the bend; a, the 
angle through which it is bent; v, two right angles; then 

F=« {0-131 + 1.847(//}. 

(6.) For hends in rectangtdar pipes, 

F = 5 |o.m + 3-104(0^}. 

(7.) For knees, or sharp turns in pipes, let e be the angle made 
by the two portions of the pipe at the knee; then 

F = 0-946 sin2 ~ + 205 sin* ^. 

Rule X. Summary of losses of head, — When several successive 
causes of resistance occur in the course of one stream, the losses of 
head arising from them are to be added together; and this process 
may be extended to cases in which the velocity varies in different 
parts of the channel, in the following manner : — 

Let the final velocity, at the cross-section where the loss of head 
is required, be denoted by v; 

Let the ratios borne to that velocity by the velocities in 
other parts of the channel be known; % v being the "velocity of 
approach," 71^ v the velocity in the first division of the channel, 
«2 ^ iJi the second, and so on; and let Fj be the sum of all the 
Victors of resistance for the first division, Fg for the second, and so 
cm ; then the loss of head will be 

h = g J V (1 - nl'h'F^nl + Fg 7^ + &c.) 

5, Contraction of Stream — Co-elBcients of Discharge. — ^HXJLE XL — 

To find the effective area of an outlet; multiply the total area by a 
fraction called the co-efficient of contraction. 

For uniform streams there is no contraction, and the co-efficient 
is 1. 

Kemabe. — Sometimes it is impossible to distinguish between 
the effect of friction in diminishing the velocity (expressed by 

1 -i- ij I + F), and that of contraction in diminishing the area of 
the stream. In such cases the ratio in which the actual discharge 
is less than the product of the theoretical velocity and the total 
area of the orifice is called the co-efficient of efflux or of discharge. 

The quantities given in the following statements and tables are 
some of them real co-efficients of contraction, and some co-efficients 



2G0 HTDRAUUCS. 

of discharge. In hydraulic formulas such co-efficients are usoallj 
denoted by the symbol c. 

(1.) Sharp-edged circular orifices in flat pUUea; c — • 618. 

(2.) Slujfrp-edged rectangular orifices in vertical fl^U plates, — In 
this case the co-efficient is intended to be used in the following 
formula for the discharge in cubic feet per second, A being the 
area of the orifice in square feet; and h the head, measured from 
the centre of the orifice to the level of still vxUer. 

Q = 8-025 cAJJ. 

Oo-EFFIOIEMTS OF DiSCHABGE FOB EECrTAKOULAB ORIFICES. 



Head. 




Height of Orifloe -?- 


Breadth. 






• 


X 


©•6 


025 


0-15 


c-i 


0-05 


Breadth. 














O-05 




• • • 


• • • 


• •• 


 • . 


•709 


c-io 




• • • 


• .  


• • • 


•660 


•698 


015 




 •• 


• • • 


•638 


•660 


•691 


0-20 




• •• 


•612 


•640 


•659 


•685 


025 




• •• 


•617 


•640 


•659 


•682 


030 




•590 


•622 


•640 


•658 


•678 


0*40 




•600 


•626 


•639 


•657 


•671 


050 




•605 


•628 


•638 


•655 


•667 


o'6o 


•572 


•609 


•630 


•637 


•654 


•664 


075 


•585 


•611 


•631 


' -635 


•653 


•660 


I '00 


•592 


•613 


•634 


•634 


•650 


•65s 


1-50 


•598 


'616 


•632 


•632 


•645 


•650 


2 '00 


•600 


•617 


•631 


•631 


•642 


•647 


2-50 


•602 


•617 


•631 


•630 


•640 


•643 


350 


•604 


•616 


•629 


•629 


•637 


•638 


4 'GO 


•605 


•615 


•627 


•627 


•632 


•627 


6-00 


•604 


•613 


•623 


•623 


•625 


•621 


8 -00 


•602 


•611 


•619 


•619 


• -618 


•616 


10 '00 


•601 


•607 


•613 


•613 


•613 


•613 


1500 


•601 


•603 


•606 


•607 


•608 


•609 



(3.) Sharp-^dged rectangiUar notches in flat vertical toeir hoards, 
— ^The area of the orifice is measured up to the level of still toaier 
in the pond behind the weir. 

Let b = breadth of the notch ; 

B = total breadth of the weir; then 

> r 

provided 6 is not less than B 4. 4. 
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(4.) Sharp-edged trianfftdar or Y-shaped notches in flaJt vertical 
vmr hoards (from experiments by Professor James Thomson). — 
Area measured up to the level of still water. 

Breadth of notch = depth X 2; c = '595; 
Breadth of notch = depth X 4; c = '620. 

(5.) Pa/rtiaUy-contracted sharp-edged orifice. — (That is to say, an 
orifice towards part of the edge of which the water is guided in a 
direct course, owing to the border of the channel of approach partly 
coinciding with the edge of the orifice.) 

Lot c be the ordinary co-efficient; 

n, the fraction of the edge of the orifice which coincides with 

the border of the channel; 
c', the modified co-efficient; then 

cfz=zc+ -09 n. 

(6.) Flat or round-topped weir, area measured up to the level of 
still water — 

c = '5 nearly. 

(7.) Sluice in a rectangular channel — 

vertical; c = 0*7; 

Inclined backwards to the horizon at 60°; c = 0'74; 
„ „ „ at 45°; c = 0*8. 

(8.) Incomplete cont/raction. — Let A be the area of a pipe partially 
closed by a partition, having in it an orifice of the total area a 
and effective area ca'^ then 

•618 



c = 



^^(1-618^) 



6. Iliacharge firom SMuices and Notcheik — ^Let 6 be the breadth of 

the orifice; Aq, the depth of its upper edge, and hy^ that of its lower 
edge, below the level of still water in the pond; c, the co-efficient 
of contraction (see last Article) ; Q, the discharge in cubic feet per 
second 

BuLE XII. — Rectangular orifice — 

Q = 8025 c X 36 (^1* — V) = 535 ch{h^ — hA. 

BuLE XIII. — Eectangula/r notdh, unth a stUl pond; Aq = 0; ^ 
measured from the lower edge of the notch to the level of still 
water. 

Q = 8025 c X |6 Ai* = 5-35 c6Ai^ = (305 + -535 g) b h^. 
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Table of Values op c and 5-35 e. 

:k, I'o o'9 o*8 07 CO o'5 0-4 o*3 0*25 

c, -67 -66 '65 '64 '63 '62 '61 '60 '595 

535 <?> 358 3'53 348 342 3*37 3'32 326 3-21 318 

The cube of the square root of the head, h^, is easily computed as 
follows, by the aid of an ordinary table of squares and cubes : look 
in the column of squares for the nearest square to A^ ; then op- 
posite, in the column of cubes, will be an approximate value 

of h^. 

Rule XIV. — Rectangular notch, wiih current a/pproaching it, — 
When still water cannot be found, to measure the head h^ up to, 
let Vq denote the velocity of the current at the point up to which 
the head is measured, or velocity of approach : compute the height 
due to that velocity as follows: — 

h^ — vl -h 64:4 ; 
then, 

Q = 5-35 ch{{h^ + ^o)* — Ao^f • 

KuLE XV. — Triangular or Y-shaped notch, with a still pond; h^ 
measured from the apex of the triangle to the level of still water. 

Let a denote the ratio of the half-breadth of the notch at any 
given level to the height above the apex, so that, for example, at 
&e level of still water, the whole breadth of the notch is 2 a A|^; 

Q = 8-025 c X ^ a V = ^"28 c a hj}; 

and adopting the values of c already given, we have, 

for a =r 1, Q =2-54/47; for a = 2, Q = 5-3 h^i. 

For squares and fifth powers, see page 32. 

BuLE XVI. — Drowned orifices are those which are below the 
level of the water in the space into which the water flows as well 
as in that from which it flows. In such cases the difference of 
the levels of still water in those two spaces is the head to be used 
in computing the flow. 

KuLE XVII. — Drowned redan/gvla/r notch, — Let h^ and h^ be 
the heights of the still water above the lower edge of the notch at 
the up-stream and down-stream sides of the notch-board respec- 
tively ; 

Q = 5-35 c6 (Ai +^) v^ (A1-A2). 
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"RxTLE XVIII. — For toeira toith broad flaJt crests j drowned or iin- 
clrowned, the formulsB are the same as for rectangular notches, 
except that the co-efficient c is about *5. 

KuLB XIX. — Computation of the dimensUms of orifices, — Most 
of the preceding formulae can be used in an inverse form, in order 
to find the dimensions of orifices that are required to discharge 
given volumes of water per second. 

For example, if Rule XII. is applicable, the breadth of the 
orifice is given as follows : — 

6 = Q 4- 5-35 c (h^i — 7*0*). 

If BuLE XIII. is applicable, the depth of the bottom of the 
notch below still water is given by the equation, 

h^= {Q -7- 5-35 c 6}*. 

If IlxTLE XY. is applicable, 

Aj= {Q ^ 4-28 ca}i 

7. DlacluurgB •€ Wator-Plpea.—EULE XX. — ^To find the losS of 

head, A, in a length, I, of a pipe of the uniform diameter, d (ail 
dimensionB in feet); 

, 4/? «* ^„ /, 1 \ Z «» 

*=-^'644=-^H^'*"T53)5'64T 

BuLE XXL — To compute the discharge of a given pipe; the data 
being h, I, and d, all in feet. 

For a rough approximation, we may take an average value for 4 / 
The value commonly assumed is -0258. This gives for the approxi- 
mate velocity 

t^ = 8-025 A /IA4^ =50 \/^: 
V '025SI V I ' 

or, a Tnean proportional between the diameter and the loss of head 
in 2,500 feet of length. When greater precision is required, 
make 

Then the discharge is given by the formulay 

Q = 7854 V d?. 



264 HYDRAULICS. 

Rule XXII. — To find {mfeet) the diameter d of a pipe, eo that U 
shall deliver Q cubic feet of water per secondy toith a loss of head al 
the rate of h. feet in each length of \ feet. 

Assume, as a first approximation, 4/' = '0258. This gives, as a 
first approximation to the diameter, 



d' = 0-23 



Compute a second approximation, 

4/" = 0O2(Ujl,); 

if this is = 4/^, d' is the true diameter; if not, a corrected diameter 
is to be calculated as follows : — 

'^='^' (f )i='^(r 57) -«'"'^- 

In the preceding formulae the pipe is supposed to be free from 
all curves and bends so sharp as to produce appreciable resistance. 
Should such obstructions occur in its course, they may be allowed 
for in the following manner : — Having first computed the diameter 
of the pipe as for a straight course, calculate the additional loss of 
head due to curves by the proper formula (Article 4, page 259); 
let A" denote that additional loss of head; then make a further cor- 
rection of the diameter of the pipe, by increasing it in the ratio of 

1+54 = 1- 

By a similar process an allowance may be made for the loss of 
head on first entering the pipe from the resei*voir, viz. : — 

(1 + F) i;2 ^ 64.4 J F being the factor of friction of the mouthpiece. 

The preceding rules are for clean iron pipes. To allow for 
incrustation, add one inch to the diameter of all pipes. 

8. Discharge and Dimeiuions of Chaanela. — ^RULE XXIII. — To 

find the declivity, i, of the upper surface of the water in a channel 
of the hydraulic mean depth mi 

i-h-l . j^ - (^.00741 + :552!27\ . ^_ 

*-l-m 64-4- V^ V ) 64-4OT 

RxTLE XXrV. — To compute the discharge of a given tlream, the 
data being t, m, and the sectional area A. AjBSume an approxitnate 
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valtte for the co-efficient of friction, sach as/' = '007565; then 
the Jirst approxijnation to the velocity is 



«,' = 8-025/y/_^ = V85I2T^= 92-26 JT^; 

or, a mean proportional hettoeen the hydraulic mean depth and the 
Jail in 8,512 feet. A first approximaiion to the disdia/rge is 
Q' = t/ A. 

These first approximations are in many cases sufficiently accurate. 
To obtain second approximations, compute a corrected value of / 
according to the expression in brackets in Kule XXIII ; should 
it agree nearly or exactly with /', the first assumed value, it is 
unnecessary to proceed further; should it not so agree, correct the 
values of the velocity and discharge by multiplying each of them 

by the factor, ? -qj^jg- 

HuLE XXV. — To determine the dimensions of an uniform channel' 
which shall discharge Q cubic feet ofvyaJterper second with the dedivity 
L Assume a figure for the intended channel, so that the propor- 
tions of all its dimensions to each other, and to the hydraulic mean 
depth m, may be fixed. This will fix also the proportion A -r- m^ 
of the sectional area to the square of the hydraulic mean depth,. 
which will be known although those areas are still unknown ; let 
it be denoted by n. 

Compute fi/rst approximations to the hydraulic mean depth and 
velocity as follows ; — 



._/_Q?_\i . Q_. 

"*"" \S,5l2n^iJ y " nm^' 



from these data, by means of Rule XXIII. , compute an approxi- 
mate declivity, i'. If this agrees exactly or very nearly with the 
given declivity, i, the first approximation to the hydraulic mean 
depth is sufficient; if not, a corrected hydraulic mean depth is to be 
found by the following formula : — 



m 



=»'a+n> 



Prom the hydraulic mean depth all the dimensions of the channel 
are to be deduced, according to the figure assumed for it. 

9. Swell and Backwater Produced by a Weir. — When a weir or 

dam is erected across a river, to calculate the height, ^, in feet, at 
which the wat«r in the pond, close behind the weir, will stand 
above its crest; Q being the discharge in cubic feet per second^ and 
b the breadth of the weir in feet; 
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Bulb XXYL — Weir noi droumedf with a flat or sUghtlj loimded 
crest — 



K = (j^^K^e^7' 



Rule XXVII. — Weir drovoned. — ^Let ^ be the height of the 
vater in front of the weir above its crest. 

Second approximation; 7t\ = h\ — h^ f 1 — - , tt" "T" )• 

Rule XXYIII. — ^In a channel of tmiforni breadth and de- 
clivity — 

Let i denote the rate of inclination of the bottom of the stream^ 
which is also the rate of inclination of its surface before being- 
altered by the weir. 

Let ^Q be the natural depth of the stream, b^ore the erection of 
the weir. 

Let ^^ be the d6pth as altered, close behind the weir. 

Let ^2 ^ <^7 other depth in the backwaiery or altered part of the 
stream. 

It is required to find x^ the distance from the weir in a directioii 
up the stream at which the altered depth ^2 '^^ ^ found. 

Denote the ratio in which the depth is altered at any point by 
)*T- ^Qz^r'j and let ^ denote the following function of that ratio : — 

1 ^ 2r+l 111, 

+ -j^3arc^ tan. -^ = ^ + ^+ ^.nearly. 

Oomputo the values, ^ and f 2> o^ ^is function, oorrei^nding to 
the ratios r^ = J^ -f- ^q and r2 = J2 -^ ^o- Then 



X 



=^-^ * (t-^^) (^fi-^^^ 



The following table gives some values of ^ : — 

r p 

i*o 00 

i-i -680 

1*2 '480 

i'3 376 

14 -304 

1*5 255 

1*6 '218 

17 '189 



r p 

i'8 -165 

i'9 147 

2*0 •13a 

2'2 '107 

2*4 -089 

2*6 •076 

2-8 -065 

3*0 -osd 
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10. TiBM- of< Kmptrloff a ]leMrT«lr.--^BuLE XXIX.— Let Q be 

tbe rate of discharge at the outlet, supposing the reservoir kept 
oanstantlj full^ W, the whole volume of water in it. Then 

Time in Seconda  

2 W 

For a vertical-sided reservoir of uniform depth, ~7T~ 

For a wedge-shaped reservoir (tiiangular vertical ) 4 W 
sections; maximum depth of the sections uniform), J 3^ 

For a pyramidal reservoir (base at the surface, apex ) 6 W 
at the outlet), ( '^~q 

HuLE XXX. — To find the time required to eqTmlize the waiter' 
level in two adjoining basins with vei'tical sides; calculate the time 
required to empty a vertical-sided reservoir containing a volume of 
-water equal to the volume transferred, and of a depth equal to the 
greatest difference of water-level between the basins. 

11. Cascade from a Welr^-Crest.— EULE XXXI. — ^To find the 

horizontal distance to which the cascade of water from a weir- 
crest will shoot in the course of a given fall below that crest; take 
once-and-a-third of a mean proportional between that fall and the 
height from the weir-crest to still water in the pond. 

12. Rain-Fall. 

Inches Gable feet Qftllons Ga'Uofeet Gallons Inches 

Depth of on on on a on a Deptih of 

Barn-fall, an acre. an acre. square ndleb square mile Bam-falL 

1 3,630 23,635 2,323,200 14,486,314 I 

2 7,260 45^270 4,646,400 28,972,627 2 

3 10,890 67,905 6,969,600 43,458,941 3 

4 14,520 90,539 9,292,800 57,945,254 4 

5 18,150 113,174 11,616,000 72,431,568 5 

6 21,780 135^809 13,9399200 86,917,882 6 

7 25,410 158,444 16,262,400 101,404,195 7 

8 29,040 181,079 18,585,600 115,890,509 8 

9 32,670 203,714 20,908,800 130,376,822 9 
10 36,300 226,349 23,232,000 144,863,136 10 

For the conversion of cubic feet into gallons, and gallons into 
cubic feet, see page 109. 

An inch of rain per annum on an acre is roughly equivalent to 
ten cubic feet per day. 

An inch of rain per annum on a squa/re mile is roughly equi- 
valent to forty tlhOTiaand gallons per day. 

Annual depth of rain-fall in different countries and seasons 
ranges from to 150 inches. 

In Britain, different seasons and districts, 15 to 100 and upwards. 

Katio of available to total rain-fall on gathering-grounds; steep 
impervious rock, from 1*0 to '8; moorland and hilly pasture, from 
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9f 
99 



2G8 HTDBAUIIGSL 

-8 to *6; cultivated land^ from '5 to '4, and sometimes less; 
chalk, 0. 

Greatest depths of rain in short periods: one hour, 1 inch; four 
hours, 2 inches; twenty-four hours, 5 inches. 

13. suikiutr •€ Bed •€ fltnam.— Greatest velocities of the current 
dose to the bed, consistent with the stability of various materials : — 

Soft clay, o'25 foot per second. 

Fine sand, o'5o „ „ 

Coarse sand, and gravel as large as peas^ 070 „ 

Gravel as large as French beans, i 'oo 

Gravel 1 inch in diameter, 2-25 feet per second. 

Pebbles 1^ inch diameter,...., 3*33 „ „ 

Heavy shingle, 4*00 

Soft rock, brick, earthenware, 4 '50 „ 

Rock, various kinds,. { Jj.'^'up^rds. 

14. Streagth •f Water-PipM.— RuLE XXXII. — To find the least 
proper thickness of metal for a cast-iron pipe of a given bore, to 
bear a given pressure from within. 

First; divide the greatest pressure, in feet of water (see page 
103) by 12,000, and multiply the bore or internal diameter of the 
pipe by the quotient : secondly ; take a mean proportional between 
the internal diameter and otm forty-eighth of an inch : the greater 
of those two quantities will be the required thickness. 

BuLE XXXIII. — To find the greatest vxyrkingpressv/re, in feet of 
water, which a cast-iron pipe will safely bear; multiply the thick- 
ness by 12,000, and divide by the internal diameter. 

The bursting pressure should be six times the working pressure. 

As to the weight of pipes, in lbs. to thefooty see pages 149 and 153. 

Rule XXXIV. — For the weight of one foot of a cast-iron pipe, 
in fractions of a ton; multiply the difference of the squares of the 
outside and inside diameters by *00108. 

Afaucest on a 9 feet length of pipe adds between one-tenth and 
one-twentieth to the weight. ChiUonB per head 

\5, Demiuid for Water ia To was. per day. 

Used for domestic purposes (liberal supply) , 15 

Washing streets, extinguishing fires, supplying foun- 
tains <S£C., 3 

Trade and manufactures, 7 

Total usefully consumed, 25 

Waste, under careful regulation, 2^ 

Total, under careful regulation, 27^ 

Additional waste, in some cases, 22J 

Total in somecases, 50 
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Greatest hourly demand = from 2 to 2J x average liourly 
demand. 

Demand as to head, 20 feet above house-tops (after deducting 
loss of head due to velocity and friction in pipes). 

Section IL — Rules relating to Hydraulic Prime Movers. 

1. GcMerai Rules.— E.ULE I. — To calculate the total or gross 
power of a fall of water. To the actual head, or depth of fall (from 
the surface of the head-race to the surface of the tail-race), add the 
height due to the velocity of the water in the head-race. (As to 
heights due to velocities, see pages 248, 249.) Multiply the sum 
(or total head) by the volume of the flow of water per second, and 
by the heaviness of water (62*4 lbs. to the cubic foot). The pro- 
duct will be the gross power in foot-lbs. per second. This divided 
by 550 gives the gross horse-power. 

Kemark — The dimensions of the head-race and tail-race are to 
be fixed by means of the principles of the preceding section, pages 
264, 265. 

KuLE IL — ^To estimate the net or effective povoer of a fall of water; 
multiply the gross power by the probable efficiency of the kind of 
prime mover to be used. That efficiency is a fraction ranging, 

for water-pressure engines, from 0*65 to 0*75 ; 

for overshot and breast wheels, from 0*7 to 0*8; 

for undershot wheels, from 0*4 to 0*6; 

for a drowned wheel, f of the efficiency of the same wheel 

not drowned; 
for turbines, from 0*6 to 0*8. 

KuLE III. — ^The vdodty qjf greatest efficiency for a water-wheel 
is as follows : — 

Case I. — For wheels which act wholly by impulse, or partly by 
impulse and partly by weight, from 0*4 to 0*6 (or on an average 
one-half) of the velocity of the feed-water; 

Case II. — For turbines acting by pressure, the velocity due to 
half the head (that is, 0*7 of the velocity due to the whole head). 

In Cases I. and II. the surface-velocity is measured at the place 
'where the wheel receives the water. 

Case III. — For re-action wheels, the velocity measured at the 
€mUets to be that due to the whole head. 

Bemark. — If the whole head is used to impel the feed-water (as 
in wheels which act wholly by impulse). Case I. of Rule III. de- 
termines the best speed for the wheel. If the wheel acts partly 
by impulse and partly by weight, and its velocity is given, Case I. 
determines how much of the head is to be used in giving velocity to 
the feed-water — ^viz.^ the head due to from 2^ to If, or an average. 
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to double of the mean speed of the wheel. For relations between 
head and velocity, see page 249. 

2. O rwht mmA !!■— t whcaia. BuLE lY. — Diameter of overshot 
wheel = fall — head required for velocity of feed. Velocity of feed 
= 2 X velocity of outer surface of wheel. Ordinary velocity of 
outer surface of wheel = 6 feet per second; velocity of feed- water, 
12 feet per second; head for that velocity, about 2-25 feet. 

A hreaet wheel may be made of any greater diameter. 

KuLB Y. — To find the dear breadth (!) between the crowns (or 
flat nms of the wheel), called also the length of the buckets. 

Let Q be the volume of water, in cubic feet per second; u, the 
surface velocity of the wheel, in feet per second; r, the outside 
radius of the wheel; b, the depth of shrouding ( = fiom 1 to 1*75 
foot); (all measurements in feet). The buckets are supposed to 
run two-thirds fiill. Then, 

3Q 



I 



^"'(■-r,) 



Bulb VI. — Other dimensions of buckets. Distance between 
their bottoms, measured on the sole (or inner circumference) = b. 
Opening between lip of bucket and front of the next bucket above 
— ^when the slope of the circumference of the wheel at the point 

where the water is fed to it is between 0° and 24°, •=; for steeper 

slopes, o ^ sin. slope. 

Bulb VII. — ^To find the best positions for the guide-blades, 
between which the water flows on to the wheeL 

In ^g, 103 let A £ be a section of a bucket, £ its lip. Draw 

^H the straight line B D H a tangent t o th e cir- 
cumference of the wheel ; and make "BD = u, 

the surface velocity; and £ H = 2 1£. Draw 
D L parallel to a tangent to the lip of the 
bucket; draw HC perpendicular to £H, 
cutting D L in 0; join £ 0. 

Then £ C represents the best velocity for 
the supply of water to the wheel; and the 
middle outlet between the series of guide- 
blades is to be placed at the depth below the 
topwater level in the penstock due to that 
velocity. 

Also, .^ H £ C will be the proper angle 
for the guide-blades of the middle outlet to 
make with the tangents to the circumference 
of the wheel at the points where they meet 




Fig. 108. 
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it, in order that the water may glide into the bucket without 
collision. The co-efficient of contraction for orifices between guide- 
blades is about c = 0*75; consequently the total area of the out- 
lets required for the flow Q, is given approximately by the 

2Q 



formula^ A = 



3 u 



and this is to be provided by having a 



sufficient number of outlets before and behind the middle outlet. 

The positions of the guide-blades for these outlets are found 
follows : — 

Take the depth of the narrowest part of each outlet below the 
topwater level of the penstock; compute the velocity due to that 

depth; from B lay off distances, such as BK, BL, representing 
those velocities, so as to find a series of points/ such as K, L, in the 
line D C L; then will ..^ H B K, .^ H B L, be respectively the 
proper inclinations to tangents to the wheel, for the guide-blades 

of outlets where the velocities are B K, B L; and so on for other 
guide-blades. 

The formula gives a total area of outlet rather greater than is 
absolutely necessary; but this is the best side to err on, as any 
excess of outlet can be closed by the regulator. 

Besides computing the area- of the outlets between the guide- 
blades, the height of the topwater above the regulator, necessary to 
give the required flow Q, treating the regulator as an overfall with 
the co-efficient of contraction 0*7, should be computed by the for- 
mula A' = f jrt , )^; and the depth of the upper edge of the 

lowest guide-blade below the topwater level should be made not 
less than the height so found. 

3. Vadershot HFheels (PoiiceleC»*)«~»XlULE YIII. — {JJ&Uol dimonr 

sions of wheel and sluice.) 
Diameter = fall x 2, nearly. 
(The fall is measured from 
the topwater of the pen- 
stock to the centre of its 
outlet.) Depth of shrouding 
= ^ fall. Greatest depth of 
opening of sluice = | fall. 
To calculate breadth (b) of 
opening of sluice; let Q be 
the volume of water, in cubic 
feet per second; h, the fjall 

in feet : then h = -r-r-.. 

Rule IX.— To design the whed-race. In fig. 104 draw H F G a 
tangent to the wheel^ with a declivity of one in ten. 




Fig. 104. 
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At the height jx a^ve H F G, draw K L to represent the 

upper surface of the stream, meeting the circumference of the 
wheel at the point L. Then make the section of the bottom of 
the wheel-race from G to F an arc of a circle, equal to G L, and 
of the same radius; that is^ the outside radius of the wheeL 

From G to E the wheel-race is formed so as to clear the wheel 
by about 0-4 inch. 

KuLE X. — ^To design the ^ooto: — 

In ^g, 105 draw B C to represent the direction and velocity of 

the stream of feed-water A, and B N 
a tangent to the circumference of 
the wheel at the centre of that 
stream; and from C let fall ON 
perpendicular to B N. Make B D 

= ^ of BN, and join CD. This 

line will be parallel to a tangent to 
the lip E of the float The rest of 
pjg^ 105 the float may be made of the figure 

of a circular arc, touching a radius 
of the wheel at its inner edge. From two to three floats in the 
length of the arc L G (fig. 103) are in general a sufficient 
number. 

The efficiency/ of this wheel is about *6 when not drowned, and 
•48 when drowned. 

4. Vndenhot ITheel In an Open Ciment. — Wheels of this clasS 

have their floats usually plane and radial, and fixed at distances 
apart equal to their depth. 

KuLE XL — The following is the useful work per second of 
such a wheel; v being the velocity of the current; w, that of the 
centre of a float; A, the area of a float, in square feet; and D, 
the weight of a cubic foot of water ; — 

Rt.=.0»8^^^^^-^>^. 

9 

The velocity of the centres of the floats for the greatest efficiency 
is half the velocity of the current; and the efficiency at that speed 
is 0-4. 

5. Tnrbimea.— Rule XIL — For the vdocUy of the feed-water; 
in impulse turbines take the velocity pi-oduced by the whole head ; 
in pressure turbines, the velocity produced by half the head. 

BuLE XIIL — To find the proper Miquity of the guide-hlades to 
the receiving surface of the wheel; divide the volume of feed- 
water per second by the area of the receiving surface of the wheel 



TUBBINES — ^HTDBAULIC BAMS — ^WINDMILLS. 



273 



{diminished by -^^ for contraction), and bj the velocity of feed; the 
quotient will be the sine of the required angle. 

KuLE XIY. — ^To find the proper ohliqidty of the floats to the 
receiving surface of the wheel; in impulse tvMnes proceed as in 
Kule X., page 272; in pressfwre turbines make the receiving ends 
of the floats perpendicular to the receiving suiface of the wheel. 

KuLE XV. — (In this rule the discharging surface of the wheel 
is supposed to be, as it ought, equal to the receiving surface.) To 
find the obliquity of the floats to the discharging surface of the 
wheel. In impulse turbines take the tangent of the obliquity of 
the receiving ends of the floats; in pressure turbines take the tan- 
gent of the obliquity of the guide-blades. Multiply the tangent so 
found by the radius of the receiving surface of the wheel, and 
divide the product by the radius of the discharging surface. The 
quotient mil be the tangent of the obliquity of the discharging 
ends of the floats. 

6. Be-action Wheels.— KuLE XYI. — ^To find the proper total 
area of orifices for a re-action wheel; divide the volume of water 
per second by the velocity due to twice the head. 

7. Kydraiiiic Bam.— The following proportions for hydraulic 
rams have been found to answer in practice : — 

Let h be the height above the pond to which a portion of the 
water is to be raised ; 

H, the height of topwater in the pond above the outlet of the 
wuste clack; » c 

li, the length of the supply pipe from the 
pond to the waste clack; 

D, its diameter; then 

H = 2^;L = 2-8H = 014A;D = | = 4. 

Let Q be the whole supply of water, in cubic 
feet per second, of which q is lifted to the height 
h above the pond, and Q — q runs to waste at the 
depth H below the pond. Then the efficiency of 
the ram has been found by experience to have 
the following average value : — 

1^ = 1 nearly. 

& windmiiiifc— Smeaton's proportions for sails. (See ^g, 106.) 

AB = iAC;BC = |AC; BD = OE = iAC; CF=^Aa 

Angles af weather , or obliquities of the sail to the plane of rota- 
tion, at different distances from, the axis of the wind-shaft; 
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DistmoemBixtfasof ABy. 12345-6 

ifint bar) (tip) 

Angle of weather, 18^ j^ 18* i^ i2°i ^\ 

Beet apeed for tips of «a]ky^'6 x iqwed of wind; 

Ejfix^ive powety in fbot-lbB. per aecond = 0*00034 A t^; where 
A = area of cirdie swept by aula, in square feet, and v = Yeiodtv 
of wind, in feet -per aecoad. 

fiaonoN nL — 'Raias bbejktzho to Pbofulsiov of Tessku. 

1. JEiMiacaMee ^T TcHeiiu— fPor relations between speed in feet 
per second and speed in- knots, see pages 102, 114. 

Bjjle I. — Given, the intended greatest sp^d of a ship in knots; 
to find the least length of the after-body necessary, in order that 
the resistance may not increase faster than the square of the 
speed; take three-eighths of the square of the speed in knots for the 
length in feet (Scott BusaelFs Bule). 

To fulfil the same condition, the fore-hody should not be shorter 
than the length for the afler-body given by the preceding rule, and 
may with advantage be 1^ times as long. 

KuLE II. — To iind the greatest speed in knots suited to a given 
length of after-body in feet; take the square root of 2| times that 
length. 

KuLE III. — ^When the speed does not exceed the limit given by 
Bule IL, to find the probable resistance in lbs.; measure the 
Tnean immersed girth of the ship on her body plan ; multiply it 
by her length on the water-line; then multiply by 1 + 4 (mean 
square of sines of angles of obliquity of stream-lines). The product 
is called the augmented surfeux. Then multiply the augmented 
surface in square feet by the square of the speed in knots, and by 
a constant co-efficient; the product will be the probable resistance 
in lbs. (See also page 303). 

Coefficient for clean painted iron ^vessels, -01 ; 

„ for dean coppered vessels, "009 to '008; 

„ for moderately rough iron vessels, -Oil and upwards. 

B.ULE III. A. — For an approximate value of the resistance in 
well-designed steamers, with clean painted bottoms; multiply the 
square of the speed in knots by the square of the cube-root of the 
displacement in tons. For di^Jerent types of steamers the resist- 
ance ranges from '8 to 1*5 of that given by the preceding calcula- 
iion. 

KuLE I"V. — ^To estimate the net or effective horse-power expended 
in propdling the vessel; multiply the lesuriianoe by the speed in 
knots, and divide the product by 326. 



PBOPULBION OF VESSELS. 27o 

Hole IY. a. — ^To eBtimate the grass or indiccUed hone-ptnoer re- 
quired; divide the same product by 326, and by the combined 
efficiency of engine and propeller. In ordinary cases that efficiency 
is from *6 to *625 — ^average, say *613; therefore in such ouies the 
preceding product is to be divided by 200. 

2. TiinMt of "VropiMen.—^BuLE Y. — ^To calculate the thrust of a 
psopelling instrument (jet, paddle, or screw) in lbs.; multiply 
together the transverse aeciional aiea, in square feet, of the stream 
driven astern by the propeller; the speed of that stream, rdaJLvody 
to the ship, in knots; the real slip^ or part of that speed which is 
impiessed on that stream by the propeller, also in knots; and the 
constant ^*66 for sea-water, or 5*5 for fresh water. 

!RuLE VI. — Given, the product of the velocity of advance, in knots, 
of a screw pK^peller as if through a solid (= pitch in knots x re- 
volutions per hour) into the slip of that screw relatively to the 
-water in which it works (aUo in knots); required the product of 
speed and slip of the stream from the screw, for use in Rule Y. 

Multiplv the first product by 1 — -f 7 . (This is a good 

^ " ^ '' circumference ^ ^ 

rough approximation when the circumference is between 1^ and 3^ 
times the pitch.) 

Remark. — ^The speed of the stream driven astern by feathering 
paddles is sensibly equal to that of their centres; by radial paddles, 
to that of their outer edges. The gross power required to drive a 
radial paddle-wheel is greater than that required to drive a feather- 
ing paddle-wheel of equal thrust, in the ratio of 

outer radius of wheel \ , 

leight of axis above watery ' ^* 

3. SEameat •€ tsaii.— The centre of buoyancy of a ship is the 
centre of her immersed volume (found by the Rule of page 84, 
Article 7). 

Rule YII. — ^To find the height of a ship's metacentre above her 
centre of gravity. Divide the length of her load water-line into 
equal intervals, at which measure the half-breacUhs at the load 
water-line. Cube each of those half-breadths; and regard the 
cubes as the ordinates of a plane figure having the length of the 
load water-line as its base. Find the area of that figure by 
Simpson's Rule (page 64.) Divide two-thirds of that area by the 
volume of water displaced by the ship. The quotient will be the 
height of the metacentre above the centre of buoyancy ; from which 
subtracting the height of the centre of gravity above the centre of 
buoyancy, there remains the height required, called the rn^etacentric 
height. 

Rule YIII. — To find the moment of sail that a ship can bear; 
multiply together the metacentric height in feet, the displace- 
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ment in tons, the factor 2240 (to reduce the tons to pounds), and 
the sine of the intended angle of steady hed; the product will he 
the required moment in foot-lbs. 

Ordinary values of sine of angle of steady heel: ships^ 07; 
schooners and cutters for trade or war^ '105; yachts, '157. 

KuLE IX. — To calculate the momerU of a given set of sails. 
Multiply their area by the estimated intensity of pressure of the 
wind, and the product by the height of the centre of effort of the 
sails above the centre of lateral resistance of the vessel. 

Remarks. — Sails are adapted to a vessel by so adjusting their size 
and figure that the results of Rule YIII. and Rule IX. are equaL 
The pressure of wind to which the extent of canvass called ''all 
plain sail" is usually adapted, is about 1 lb. on the square foot. 

The centre of effort above mentioned is the common centre of 
magnitude of the sails, found as in pages 83, 84. 

The centre of lateral resistance is at a depth below the surface 
of the water nearly equal to half the vessel's draught of water 
amidships. 

The equivalent triangle has for its hose a line which usually ex- 
tends horizontally from the clew of the driver (or aftermost lower 
comer of the aftermost sail) to a point directly below the tack of 
the jib; — ^and for its height, three times the height of the centre of 
effort above its base (called the base of sail). 

Rule IX. a. — Given, the moment of sail, M, as found by Rule 

VIII., and the base of sail, b ; to find the height, «, of the centre 

of effort above the base of sail; also the area of sail. Let h be the 

height of the base of sail above the centre of lateral resistance; 

,, ^ //2M A2\ A , ... 

then z = A/ I « ."T- + r) — «; and area = 1^ « 6. 

Examples of length of base of sail -r length of vessel on load 
water-line. Fore and aft rigged vessels, 1'9 to 1'6; square rigged 
vessels, 1*6 to 1*35; full-powered steamers, I'O to 0*5 (in steamers 
the base of sail usually has a gap in it over the engines and 
boilers). 

Rule X. — Direct pressure of wind in lbs. on the square foot 

, (velocity of wind in knots)^ 
nearly = i ^ ^ L 

(See Shipbuilding^ Theoretical and Practical, by Watts^ Rankine, 
Kapier, and Barnes.) 
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PART IX. 

HEAT AND THE STEAM ENGINR 

Section I. — ^Rules relating to the Mechanical Action of 

Heat, especially thbough Steam. 

1. Themiodynaiiiics. — As to measures of temperature, and of 
quantities of heat, see pages 105, 106. 

Rule I. — ^To find the quantity of heat required to produce a 
given rise of temperature in a given weight of a given substance; 
multiply together the rise of temperature, the weight, and the 
specific heat of the substance. (See Table, pages 278, 279.) 

Rule II. — To convert quantities of heat into equivalent qtumtities 
of work: — 

Multiply by 

British Fahrenheit-units into foot-lbs. , 772; 

British Centigrade-units into foot-lbs., ^>390 j 

Erench units into kilogrammetres, 424 ; 

British units of evaporation into foot-lbs., 7 45,800 ; 

French units of evaporation into kilogrammetres, 227,300. 

The first three numbers are values of the dynamical equivalent 
of heat, often called '' Joule's Equivalent," and denoted by J. 

Bule III. — To convert temperatures on the ordinary scales into 
absolute temperatures. (See page 105) : — 

In Fahrenheit's degrees, add 46 1°'2 

In Centigrade degrees, „ 274*0 

In Reaumur's degrees, „ 2x9-2 

F&hr. Gent B^u. 

Absolute temperature of melting ice, 493^*2 274° 219^*2 

Atmospheric boiUng point of water, 673* 2 374 299 '2 

(See Table, pages 280, 281, 282.) 

Bule IV. — To find the efficiency of a perfect heaJt engine, working 
between given limits of temperature; divide the difference or roffige 
between the limits of temperature, by the higher limit of absolute 
temperature. 

Bemabk. — ^The efficiency thus found is never fully realized by 
any actual heat-engine, but is approximated to in the course of 
improvementi 
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Table of thb ELAsncmr of a Pebfbot Ga& 



XXPLANATIOK OF STXBOI& 

T. — ^Temperaturey measured from the ordinaiy zero. 

t — Absolute temperature, measured from the absolute zero. 

P. — ^Pressure of a perfect gas in pounds avoirdupois on the square 
foot 

Y. — ^Volume of one pound avoirdupois in cubic feet. 

PY. — Product of these quantities at any given temperature. 

PoY(^ — ^Yalue of that product for the temperature of melting icCp 



Ceatignaa. Fahrenheit. FV 

-30** 244** -22** 439-2 0-8905 

— 25 249 —13 448*2 0-9089- 

-20 254 — 4 457-2 0-9270 

-15 259 + 5 4662 0-9453 

-10 264 14 4752 09635 

- 5 269 23 484-2 0*9818 

o 274 32 493*2 i-oooo 

+ 5 279 41 502-2 1*0182 

10 284 50 511-2 1-0365 

15 289 59 520-2 1*0547 

20 294 68 529-2 1-0730 

25 299 77 538-2 1*0912 

30 304 86 547-2 1*1095 

35 309 95 556*3 1-1277 

40 314 104 565-2 1-1460 

45 319 113 574a 1-1643 

50 324 122 583-2 1-1825 

55 329 131 59a*a 1-2007 

60 334 140 601-2 I -2 190 

65 339 149 610-2 1*2373 

70 344 158 619-2 1*2555 

75 349 • 167 628-2 • 1*2738 

80 354 176 637-2 1-2920 

85 359 185 646-2 13103 

do 364 X94 655-2 x-3285 
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Cmtignde. Fahrenhdt. ^^ 

T « T «^ P^Vo 

95° a^Jp"* ao3* 664-2 13468 

100 374 312 673*2 i'365o 

105 379 321 682-2 I '3833 

no 384 230 691-2 1*4015 

115 389 239 700-2 1*4197 

120 394 248 709-2 1*4380 

125 399 257 718-2 1-4562 

130 404 266 727-2 1*4744 

135 409 275 7362 1*4927 

140 414 284 745-2 1*5109 

145 419 293 754-2 1*5292 

150 424 302 763*2 1*5474 

155 429 311 772-2 1.5057 

i6a 434 320 781-2 1*5839 

165 439 329 790-2 I -6022 

170 444 338 799-2 1-6204 

175 449 347 8o8-2 1-6387 

180 454 356 817-2 1-6569 

185 459 365 826-2 1-6752 

190 464 374 835*2 1*6934 

195 469 383 844-2 I -7 1 17 

200 474.. 392 853-2 1*7299 

205 479 401 862-2 1*7481 

210 484 410 871-2 1-7664 

215 489 419 88o-2 1-7846 

220 494 428 . 889-2 1-8029 

230 504 446 907*2 1*8394 

240 514 464 925-2 1*8759 

250 524 482 943-2 1-9124 

260 534 500 961-2 1*9489 

270 544 518 979-2 1-9854 

280 554 536 997-2 2-0219 

290 564 554 1015-2 20584 

300 574 572 1033-2 20949 

310 584 590 1051-2 2-1314 

320 . 594 608 1069-2 2-1679 

330 604 626 1087-2 2-2044 

340 614 644 1005-2 2-2409 

350 624 662 1123-2 2-2774 

360 634 680 1141-2 2-3139 

370 644 698 1159*2 2-3504 

380 654 7x6 1177-2 2*3869 
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WJJTrfgTT OF ▲ 



CeotigRidt. 



390" 
400 

410 

420 

430 

440 

46© 
460 

470 

480 

490 

500 
520 

540 
560 

580 
600 
620 

640 
660 
€80 
700 
720 
740 
760 
780 
800 
820 
840 
860 
880 
900 
920 
940 
960 
980 
1000 



664" 
674 
684 
694 

704 

714 
724 

734 

744 

754 
764 

774 

794 
814 

834 

854 

874 

894 
914 

934 

954 

974 

994 
1014 

1034 
1054 
1074 
1094 
1114 

"34 
"54 
1174 
1 194 
1214 

1234 

1254 
1274 



Fahraihdt. 
T I 

734? "95"« 

752 1213-2 

770 I231'2 

788 1249-2 

806 1267-2 

824 1285*2 

842 i303'2 



860 
878 
896 
914 

932 

968 

1004 
1040 
1076 



1321-2 

13392 

13572 
1375-2 

13932 

1429*2 

1465-2 

I50T-2 

1537-2 



III2 1573-2 

1 148 1609-2 

1 184 1645-2 

1220 i68i'2 

1256 I7I7-2 

1292 1753-2 

1328 1789*2 

1364 1825*2 

1400' 1 86 1 '2 
1436 1897*2 

1472 1933-2 

1508 1969*2 
1544 2005*2 
1580 2041*2 
1616 2077*2 

1652 2113*2 

1688 2149*2 
1724 2185*2, 

1760 2221*2 
1796 2257*2 
1832 2293*2 



• •VVI 



FV 

PoVo 

2'4^4 
2-4699 

2-5329 

2-6058 
2-6423 
2-67^ 

27153 
2-7518 

2-7883 

2-8248 

2-8978 

2-9708 

3-0438 
3 -1 168 

3-1898 
3-2628 

3-3358 
3-4088 

3-4818 

3*5547 
3-6277 

3-7007 

3-7737 

38467 
3-9197 

3-9927 
40657 

4-1387 
4-2117 

4-2847 

4-3577 
4-4307 
45036 
4-57^6 

46496 



HKAT EXGINEa^-fiCEEAlL 288 

HuIjE Y, — To find the tokd work in a heat-engine done by a 
given expenditure of heat; reduce the expenditure of heat to units 
of work (see Eule II., page 277), and multiply by the efficiency. 

Kehabk. — ^A quantity of heat equivalent to the total work 
thus found disappears; and the remainder of the heat expended 
is rejected. 

BiULE VI. — ^To find' the expenditure of heat in a heat-engine 
required in order to do a given total quantity of work; divide by 
the efficiency, or multiply by its reciprocal; the product will be the 
required expenditure of heat expressed in equivalent units of work; 
which may be reduced to unitfr of heat by dividing by the proper 
co-efficient, as given in Kule II. 

As to expansion hy heat, see pages 147, 148; also Tables, pages 
278 to 282. 

KiTiiE Vll. — ^To find the toted heat of evaporation of an unit of 
weight of water : the temperature of the feed- water and the boiling 
point being given. To the latent heat of evaporation of an unit 
of weight at the atmospheric boiling point (966 British Fahrenheit 
units, or 537 French units), add 1 for every degree that the feed- 
water is below the atmospheric boiling point, and 0*3 for every degree 
that the actual boiling point is above the atmospheric boiling point. 
To calculate the same quantity in units of evaporation at the 
atmospheric boiling point, divide the result of the preceding calcu- 
lation by 966 for British Measures, or 537 for French Measures. 
(See Table of Factors of Evaporation, page 284.) 

Rule YIII. — To calculate the pressure of steam corresponding 
to a given boiUng point, or the boiUng point corresponding to a 
given pressure. Let p be the pressure (absolute) ; t, the boiling point, 
in absolute temperatu/re T + 461*2 Fahr.; A,B,C, constants. Then 

, A B C 1 //A - logp B2 \ B 

log;, = A - -- - -,; - = ^(—^^ + _j _ _ 

Values of constants for steam, with common logaiithms, and 
pressures in lbs. on the square inch, — 

A liOgB. LogC. 2"^. ^-^. 

6'ioo7 3*43642 6*59^73 0*003441 o'ooooii84 

B = 2732> = 396045. 

Kule IX. — Given, the volume of a pound of steam at a given 
pressure; to calculate the volume of a pound of steam at another 
pressure. The difference between the Ic^rithms of the volumes 
is very nearly sixteen seventeenths of* the difference between the 
logarithms of the absolute pressures; and the greater volume 
corresponds to the less pressure. 

This rule serves to findvolumes of steam eorresponding to pressures 
intermediate between those given in the Table, pages 285 to 288. 
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HuLE IX. A. — {Founded on Fairhaim and Tat^a Rule for the 
Volume of Steamy but with different constants,) — To the absolute 
pressure ia lbs. on the square inch, add 0*35; divide 389 by 
the sum ; to the quotient add 0*41 ; the sum will be the volume of 
one lb. of steam in cubic feet, nearly, for pressui-es ranging from ^ 
atmosphere to 10 atmospheres. 

For relations between pressures, volumes, and tempei-atures of 
steam, see Plate at end of volume. 

Rule IX. b. — To find the weight of steam required to fill a given 
volume at a given pressure; divide the given volume by the volume 
of one lb. of steam. 

I^ffect of Salt on BoUing-poini. — Each 32d part by weight of salt 
in water raises the boiling-point 1°*2 Fahr. = 0°-67 Cent. Ordi- 
nary sea-water contains one-32d part of salt 

2. Action of Steam ta CyUnder.— KULE X — To calculate the 

indicated power of an actual steam-engine from the capacity of 
cylinder, indicator-diagram, and number of revolutions per minute. 

From the indicator-diagram (as explained in page 242, Bules 
XV. and XVI) determine the mean ^ective pressure; multiply it 
by the effective capacity of cylinder (being the volume swept by the 
piston per stroke), and by the number of revolutions per minute, 
for a single-acting engine, or twice that number for a double-acting 
engine; the product will be the indicated power in foot-pounds per 
mintUe; which, being divided by 33,000, will give the indicated 
horse-potver* 

Kehark. — As to the adaptation to eacb other of the unit of 
intensity of pi-essure and the unit of volume swept, see page 239, 
Kemark on Bule IV. 

KuLE X. A. — Or otherwise: — Multiply the mean effective pressure 
by the area of piston, for the load; then multiply the load by the 
distance travelled by the piston per minute, for the indicated 
power in units of work per minute. (In single-acting engines 
forward strokes alone are to be reckoned in the distance travelled ; 
in double-acting engines both forward and return strokes, whose 
amount per minute is then called m^ean speed of piston,) 

Rehare. — The effective or available power is usually about 0*8 
of the indicated power; that fi-action being the efficiency of the 
tnechanism. 

KuLE XL — In a proposed steam-enffine, to estimate the ratio in 
which the initial absolute pressure in the cylinder will be less than 
the absolute pressure in the boiler. Let t; denote the mean velocity 

* When indicator-diagrams are taken for scientific purposes, the weather- 
barometer should be observed, in order that absoliUe pressures may be de- 
duced from the diagram ; which of itself shows only differences between the 
pressures of the steam and of the atmosphere. As to conversion of pressures, 
see pages 103, 115. 
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A 

of the piston in fed per second; —, the ratio in which the area of 

the piston is gi'eater than that of the steam-port of the cylinder; t, 
the ohaolrde temperature of the steam in Fahrenheit degrees ; then 
the required ratio is newrlyf 

^?2 Ag 

180 t a2- 

V A 
The velocity of the steam in the port, ^ should not exceed 

100 feet per second; and then the ratio becomes 1 TooT 

= 1 — — nearly for Fahrenheit's scale, or 1 — — for the Centigrade 

V V 

scale. Let t = 720*^ Fahr. = 400" Cent. ; then the ratio = 0-92 
nearly. 

IluLE XII. — ^To calculate approximately the ratio (^^^) i 

which the TMan ahsoliUe pressure in a cylinder will probably be 
less than the initial absolute pressure at a given rate of expansion 
r. (When r exceeds 2, the accumulation of liquid water in the 
cylinder must be prevented by jacketing or by superheating; 
otherwise the economy due to expansion cannot be realized.) 
Method 1. — (I^early exact for dry saturated steam.) 

Pfn_ 17-16y-^ 
Pi" ^ 

(The quantity r "" " may be computed by taking the reciprocal of 
r (called the effective cvi-off), and extracting the square root four 
times.) 

For results of Method 1, see Table A, page 292 ; also the right- 
hand diagram of the plate at the end of the volume. 

Method 2. — (Steam moderately moist: — Absolute pressure x 
volume supposed sensibly constant.) 

ym__ l-4-hyp. log, r 

Pi r 

For hyperbolic logarithms, see page 14. For results of Method 2, 
see-TableB, page 292. 

Behare. — In ordinary practice, the difference between the 
results of those methods is so small, that the choice between 
them depends mainly on whether a table of squares or a table of 
hyperbolic logarithms is at hand. 
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Method 3.* — (See fig. 107.) Draw a straight line C A B, in 

which make A B = 4 A 0. Draw A D perpendicular to CAB; 

and about describe the circular arc BD cutting AD in D. 

D E 
Then in D A take E, so that =—7- shall 

DA 

represent the effective cuJtroff (and 

DA 

consequently =-= the rate of expansion). 

At E draw E F parallel to A B. Then 

EF 

"z-^ will be the required ratio of mean 

to initial absolute pressure, nearly. 

The results of Method 3 lie between 
those of Methods 1 and 2. ^'S- 107. 

ituLE XIII. — Given, the initial absolute pressure, the absolute 
back-pressure, and the rate of expansion; to calculate the mean 
effective pressure; multiply the initial absolute pressure by the 
ratio found as explained in Bule XII. ; the product will be the 
mean absolute pressure ; from which subtracting the back-pressure, 
the remainder will be the required mean eJQTective pressure. 

Absolute back-pressure in lbs. on the square inch; 

In non-condensing engines, from 15 to 18. 
In condensing engines, from 3 to 5. 

BuLE XIV. — ^To allow for the effects of clearance on the expan- 
sion and pressure. Let c be the fraction expressing the ratio borne 

by the clearance to the effective cylinder-capacity; -j, the actiud 

cut-off, or fraction of the stroke during which the steam is admitted; 

-, the effective cut-off, or reciprocal of the rate of expansion. Then 

1 

1 r , 1 +c 

and r = r' 



rl + c^ l + c/ 

From the real rate of expansion r, as above computed, calculate a 
value of the mean absolute pressure by Rules XII. and XIII. ; let 
it be denoted by p^ : then the corrected rnean absolute pressure is 
as follows : — 

Case I. When there is no cushioning; p'm=Pm-'C (Pi^Pm)'} 
p^ being the initial absolute pressure; 

Case II. When steam enough is cushioned to fill the clearance 

at the pressure ;>i;/.= %r 

r 

* First published in the Engineer for the 13th April, 1866. 



292 HEAT AND THE STEAM ENGINEL 

ExPAKSiYE WoBKiso OF Steail — TABLE A- — Dry ScUtiTated Steam, 
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Pi 
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Table B. — Moderaidy Moist Steam, 
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1 

Explanation of Tables. — r, rate of expansion; -, effective 

cut-ofiTj p^, initial absolute pressure; pm, mean absolute pressure. 

Rule XV. — To find the effective cylinder-capacity required for a 
proposed steam-engine. To the intended ua^vl work per miniUe 
add an allowance (say (me-fourth on an average) for resistance of 
engine ; the sum will be the indicated work per minute. Divide, if 
the engine is sii;igle-acting, by the intended number of revolutions, 
or if double-acting, by twice the intended number of revolutions 
per minute, for the indicated work per stroke; which being divided 
by the intended mean effective pressure, will give the required 
effective cylinder-capacity. 

As to the units in which it will be expressed, see page 239. 

Divide the effective cylinder-capacity by the length of stroke; the 
quotient will be the area of piston. 

3. ExpendUnr« of Heat in the Cylinder nnd Bfflciencj of tho 

(9ieam. — HuLE XYI. — To calculate the absolute pressure of release 
{p^ (that is, the absolute pressure at the end of the expansion); 
Case I. — Diy saturated steam, 

-tJ 

or otherwise : in the left-hand diagram of the plate find the volume 
corresponding to p^] multiply it by r for the final volume, and 
find the corresponding pressure from the diagram. 

Case II. — Moderately moist steam; divide the initial pressure 

by the rate of expansion (that is, make ^2 ~ )• 

BuLE XVII. — To calculate the intensity of a pressure (jo*), 
equivalent approximately to the rate at which heat is expended in 
the cylinder. Find p^ as in Rules XII. and XIII., and p^ as in 
Bule XVI. ; then 

In condensing engines, pi^ = Pm + ^^ p2> 
In non-condensing engines, p^ = Pm + ^^ P2I 

These results are correct to about one per cent. 

Rule XVIII. — ^To calculate the efficiency of the steam. Let p^ 
be the back pressure, and p^ = p» — p^ the mean effective pressure, 
found as in Rule XIII. Then 

Efficiency of steam = ^ = ^ ~ ^^ - — . 

Ph Pm -^ 15 or Upo 

Rule XIX. — To find the expenditure of heat in the cylinder in a 
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given time; either multiply the indicated work in that time by the 
reciprocal of the efficiency, — ; or multiply the volume swept by 

the piston in the same time hy pj^ 

The result is expressed in units of work, which may, if required, 
be converted into ordinary units of heat, or into imits of evapora- 
tion, by dividing by the proper co-efficient as given in Bule IL, 
page 277. For practical purposes units of evaporation are the 
most convenient. 

BuLE XIX. A. — For the effect of clearance on the expenditure 
of heat; calculate the expenditure of heat as if there were no 
cleai-ance; then, — 

Case I. — If there is no cushioning, multiply by 1 + c r\ 

Case II. — If there is cushioning sufficient to fill the clearance 
with steam at tb^ absolute pressure p^; multiply by r-i-r\ (See 
Rule XIV.) 

Kemabks. — The result of the preceding calculations includes not 
only the heat required to produce the steam, but the additional 
heat required to prevent it from condensing to any considerable 
extent in the cylinder. 

The following are rules for obtaining exactly, by the aid of the 
Table at pages 285 to 288, some of the results to which approxi- 
mations are given by the preceding rules of this and the previous 
Article : — 

One lb. of steam is supposed to be admitted to the cylinder at 
the temperature T^ ; then expanded, until its temperature falls to 
Tg, being maintained by the aid of jacketing in the state of dry 
saturation ; and then discharged against a back pressure equal to 
the final pressure. 

The numbers 1 and 2 denote quantities in the Table correspond- 
ing to the temperatures 1 and 2 respectively. 

Rule A.> — ^Work of one lb. of steam, U^ - XJg. 

Rule B. — Expenditure of heat, in units of work, TJi — U2 + Hg 
— h; the value of h being that corresponding to the temperature 
of the feed- water. Of this heat, H^ —hia expended in producing 
the steam, and the remainder in preventing condensation in the 
cylinder. 

4. ExpencUtnre of Water.— RuLE XX. — ^To find the net wdgM of 

feed-water required per stroke; divide the total cylinder-capacity 

by the volume of one lb. of steam at the pressure of release {p^, as 

found by means of Rule IX., page 283, or IX. a., page 289 ; or of 

the Table, pages 2S5 to 288; or of the left-hand diagram in the plate. 

Rule XX. a. — For a rough approximation to the net weight of 

feed-water per stroke, correct to 10 per cent., and erring on the safe 

side ; multiply together the absolute pressure of release and cylinder- 

apacity so as to get the product in foot-lbs., and divide by 
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50,000. For the approximate net volume in cuhio feet iper stroke^ 
divide the same product by 3,000,000. 

Another rough approximation to the net weight of feed- water in 
a given time is to take the expenditure of heat on the steam (Rule 
XIX.) in units of evaporation. 

B.ULE XXL — For the gross feedrwaier^ multiply the net feed- 
water, 

If the supply is pure water, by 2; 

If ordinary fresh water, by 2^; 

If sea-water, and the brine is to be discharged at n times 

2 n 
the saltness of sea- water, multiply by =-. 

Values of w, 3 2i 2. 

—feed-water, 3 3i 4. 

net ' o on f 

Rule XXIL — In a condensing engine, to calculate the net 
trei^/i* of condensation-water per stroke; from the expenditure of 
heat, in units of work per stroke, subtract the indicated work per 
stroke ; the remainder will be the rejected heat, in units of work per 
stroke, which is to be divided by 35,000 for British Measures, or 
10,600 for French Measures, to give the weight in lbs. or kilos. 

For cubic feet per stroke, divide the rejected heat in foot-lbs. by 
2,200,000. 

•Rule XXIII. — For the gross supply of condensation- water, 
multiply the net supply by 2. 

Section II. — Rules relating to Furnaces and Boilers. 

1. Fuel. — Rule I. — To estimate the tJieoretical evaporative potoer^ 
that is, the total hecU of comlmstion of fuel, in units of evapoiution 
(see page 277), per unit of weight of fuel, from the chemical analysis 
of the fuel. Distinguish the constituents into carbon, hydrogen, 
oxygen, and refuse, expressing the quantity of each as a fraction of 
the whole weight analyzed. Let C, H, and O be the fractions for 
carbon, hydrogen, and oxygen respectively. Then, 

Theoretical evaporative power =15C + 64 (H — — j. 

Rule II. — I^et loeigkt of air chemically necessary for the com- 
plete combustion of an unit of weight of fuel; 



12 + 36 



(--!)• 



In most furnaces some additional air is required to dilute the pro- 
ducts of combustion, thus increasing the supply of air required in 
the ratio of 1^ : 1 or 2 : 1. 
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Examples of Theobetical Evaforatiye Fowebs of Fuel. 

Carbon^., 15 

Hydrogen, 64 

Various Hydrocarbons, from 20 to 22^ 

Charcoal and Coke, „ 12 to 14 

Coal, best qualities : — Anthracite, 15 

Bituminous, from 14 to 16 

Oxygenous, about 13^ 

Brown, „ 12 

Peat, absolutely dry, „ 10 

"Wood, do., „ 7^ 



99 



99 
9» 



99 
91 



» 



Bad qualities of coal from a given coal-field, about | of the beb-t 
qualities. 

Bule III. — To estimate roughly the efficiency of a furnace and 
boiler (being the ratio of available to total heat). 

Case I. — Draught produced by a chimney : — Divide the intended 
number of square feet of heating surface per lb. of fuel per hour by 
the same number + 0*5 : eleven-twelfths of the quotient will be the 
probable efficiency of the furnace, nearly. The following are 
examples : — 



Square feet 

heating Burface 

per lb. fuel 

per hour. 

Small heating surface, 0*50 

075 



Ordinary heating surface in 
tubular boilers, 



Water-tube and cellular 
boilers, 



I 00 
1-25 
1-50 

2-00 
300 

6 -00 



EfQdenoy 

of 
Fomacei 



0*46 

0'6i 
065 
0*69 

o'73 
079 

0-84 



Available heat 
per lb. coal, 

if total heat is 
134 units of 

Evaporation. 

6'2I 

7 43 
824 

877 

9*31 

985 
IO-66 

"•34 



The efficiency of a furnace is liable to be diminished by from *2 
to -5 of its proper value through unskilful firing. 

Case II. Draught produced by a blast pipe or by a fan; put 0*3 
in the divisor instead of 0*5. 

Bulb TV. — To estimate the available lieat of combustion of fuel; 
multiply the total heat of combustion by the efficiency of the 
furnace. 

Bule V. — ^To estimate the probable expenditure of fuel in a 
given time required in a given steam engine. 

Estimate the expenditure of heat by Bule XIX. of the preced- 
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ing section, page 294, and divide it by the available heat of combus- 
tion of an unit of weight of the fuel 

2. Dlmeiuloiis of Furnace* and Boilers and their Fittings. — A rea 

of jflre-grate; in furnaces with chimney draught, from •! to "04 
square foot per lb. of fuel burned per hour. 

Area of Jvre-grate; in furnaces with draught forced by blast- 
pipe or otherwise, from '04 to '01 square foot per lb. fuel per 
hour. 

Heating surface; see preceding Articla 

Sectional area of flues or tubes from f to i of area of grate; area 
of chimney, about tV area of grate. 

Capacity of boiler; steam and water space = heating surface x 
from 3 feet to l^ foot in stationary cylindrical and flue boilers; 
from 1 foot to *5 foot in tubular boilers, stationary or marine; and 
about •! foot in locomotive boilers and water-tube boilers. 

Capacity of fwmace, fluss, and tubes = area of grate x from 6 to 
8 feet. 

Area of air-lwles above level of grate = about -aV area of 
grate. 

Pitch of boiler stays, from centre to centre; in marine boilers, 
from 12 to 18 inches; in locomotive boilers, 4 or 5 inches; work- 
ing tension, 3,000 lbs. on the square inch. "Working tension on 
hoUer sheUs, from 4,500 to 6,000 lbs. on the square inch. As to 
strength of flues, see page 211. 

Area of safety valve. — Rule. — Multiply the greatest weight of 
water to be actually evaporated in lbs. per hour by '006 ; the pro- 
duct will be the required area in square inches. See p. 303. 

Brine refrigerator for marine boilers : surface of tubes should if 
possible be A square foot per lb. of brine blown off per hour (from 
i to i of gross feed-water). 

7n/ec<or.-^Sectional area of narrowest part Kxtle. — Divide the 
gross feed-water to be supplied in cubic feet per hour by 800, and 
by the square root of the pressure of the steam in atmospheres; 
the quotient will be the required area in square inches. For 
circular inches, divide by 630 instead of 800. 



Section III. — Various Dimensions op Engines. 



1. Condensers — Pnmps. — Common condeTiser, from ^ to ^ capacity 
of cylinder. 

Injection sluice; find the gross volume of condensation-water per 
minute by Rule XXIII., page 295; divide by 1,620 feet; the 
quotient will be the area in square feet. 

Air-pump, single-acting, for common condenser; from 7 to ^ 
capacity of cylinder. Yalves and passages of such size that speed 
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of fluids passing through shall not exceed 12 feet per second. 
Double-acting air-pump may be half the capacity. (See p. 304.) 

Feed-^m/pa depend for their capacity on gross supply of feed- 
water (see Bule XXL, page 295); and ecld water jmmp8 on the 
gross supply of condensation-water. (Rule XXIII. , page 295.) 
Brine-pumps for boilers fed with salt water, from ^ to ^ of capacity 
of feed-pumps. 

Surface condenser^ from 2^ to 5 square feet surfiice per indi- 
cated horse-power; air-piumpy if single-acting, \ capacity of 
cylinder. 

1^. 2. Sleam-paMages and Talre-povta to be of SUch area that velocity 

of steam shall not exceed 100 feet per second. 

3. siide-TaiTe OMUpfas. — By the anguLoT advance of the eccentric 
is to be understood the angle at which the eccentric radius stands 
in advance of that position which would bring the slide-valve to 
mid-stroke when the crank is at its dead-points. 

Rule I. — Given, the positions of the crank at the instants of 
admission and cut-off; to find the proper angular advance of the 
eccentric, and the proportion of the lap on the induction-side to 
the half-travel of the slide.* 

In fig. 108 let A B and A C be the positions of the crank at 
the beginning and end of the forward stroke ; let the arrow sliow 
the direction of rotation; let X a; be perpendicular to B C; let 
A D be the position of the crank at the instant of cut-off, and 
A E its position at the instant of admission. Draw A F, 
bisecting the angle E A D ; A F will represent the position of the 
crank at the instant when the • slide is at the forwa/rd end of 
its stroke; and FAX will be the angula/r advance of ike 
eccentric. 

Lay off the distance A F to represent the half-travel; and on 
A F as a diameter describe the circle A H F G, cutting A D in 

G and A E in H ; then . _, = ^ will be the required ratio of 

lap at the induction-side to hcdf-t/ra/od ; and A G = A H will 
represent that lap, on the same scale on which A F represents the 
half-travel. 

On the same scale, I K represents the voidth of opening of the 
valve at tlie beginning of the stroke, sometimes called the "lead of 
the slide,'^ Strictly speaking, this is the lead of the induction-edge 
of the slide only; the lead of the centre of the slide being A K; 
that is, its distance from its middle position at the beginning of the 
forward stroke. 

* The method used in this and the following rules is that of Professor Dr. 
Zeuner, of the Swiss Federal Polytechnic School at Ziirich, published in his 
treatise on Slide-valve Gearing, entitled, Die Schiebersteiierungen, 
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KuLE II.— Given, the data and results of the preceding rule, and 
the position, A M, of the crank at the instant of release; to find 
the ratio of lap on the eduction-side to half-travel, and the position 




of the crank when cushioning begins. Produce F A to L, making 

AL = AF; onAL as a diameter draw a circle cutting A M in 

A N 
N: then . -^- will be the required ratio of lap at ediLction-side to 

half-travel. 

About A draw the circular arc N P, cutting the circle A L 
again in P; join A P; then A P will be the required position of 
the crank at the instant wlien cushioning begins, 

KuLE III. — Given, the data and results of Rule I., and the 
'()osition, A Q, of the crank at the instant of cushioning; to find 
the ratio of lap at the eduction-side to half-travel, and the position 
of the crank at the instant of release — produce E A as before; 
onAL = FAasa diameter draw a circle cutting A Q in P : 
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A P 

—J vill be the required ratio of lap at the ediustion-side to lidf- 

travel. 

About A draw the circular arc P N, cutting the circle A L 
again in N; join A N: A N will be the position of the crank at 
the inatant of release. 

EuLE IV. — Given, the angular advance of the eccentric, the 
half-travel of the slide, and the lap at both sides; to find the 
positions of the crank at the instants of admission, cut-off, release, 
and cushioning. Draw the straight lines BAG and X A a; per- 
pendicular to each other; and take B and G to represent the dead 
points. Let the arrow denote the direction of rotation. Draw 
F A L, making the angle F A X = the angular advance of the 
eccentric; and make A F = A L = half-travel. On A F and 
A L as diameters, draw circles. About A, with a radius equal to 
the lap at the induction-side, draw an arc cutting the circle on 
A F in H and G; also, with a radius equal to the lap at the 
eduction-side, draw an arc cutting the circle on A L in N and P. 
Draw the straight lines, AHE, AGD, ANM, APQ. These 
will represent respectively the positions of the cittuk at the instants 
of admission, cut-off, release, and citshioning. 

KuLE V. — For an eccentric to drive a separate expansion gridirm 
slide-valve, make the angular advance 90°; also make width of 
openings -&- half-travel of valve = sine of angle made by position 
of crank when steam is cut-off with position at dead point. 

4. liink-raotfoii. — In fig. 109 let A be the axis of the shaft; A B, 
the forward eccentric radius; A G, the backward eccentric radius; 



Fig. 109. 

B D, the forward, and G E, the backward eccentric rods; D E, the 
link; F, the slider or stud. Badius of curvature of link = length 
of rods, or nearly so. 

EuLE VI. — To find the motion of the slide valve produced by 
any intermediate position of the stud, such as F. 

With a radius bearing the same proportion to half the distance 
B G, that the length of the rods B D bears to that of the link D E, 
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draw the arc B C* If the eccentric rods are so placed (as in the 
figure) that when the eccentrics are inclined towards the link, the 
rods are crossed, make the arc B C convex towards the axis A. If 
the eccentric rods are so placed as not to be crossed when the 
eccentrics are inclined towards the link, make the arc B C concave 
towards A. In that arc take a point, K, dividing it in the same 
proportion in which the stud F divides the link I) R Then the 
motion of the stud, F, will be very nearly the same as if it were 
directly connected by a rod K F with a crank A K. Consequently, 
from the half-travel^ A K, and the angular advance, of that sup- 
posed crank, the motions of the slide-valve and their effects may be 
deduced by Rule IV. of the preceding Article. 

5. Nominal Horse-Power. — I. Orainary Ruh for Condensing 
Engines. — Multiply the cube root of the stroke in feet by the 
square of the diameter of the cylinder in inches, and divide by 
60. 

II. AdmiraUy Rvlefor Screw-PropeUer Engines only, — Multiply 
the mean velocity of the piston in feet per minute by the square of 
its diameter in inches, and divide by 6,000. 

III. Rule for NovrGondensing Engines, — Multiply the cube root 
of the sti-oke in feet by the square of the diameter of the cylinder 
in inches, and divide by 20. 

The indicated power of steam engines ranges from once to six 
times the nominal power. 

*This constraction ia due to Mr. M<Farlane Grftv (see bia Oeometry 
(if the Slide Valve.) 
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§L--a. FORMULA OF THE ABSOLUTE UNITSl* 

L Fundamental Units. 
Centimetre for Length. Gramme for Mass. Second for Time; 

Length in Centimetres = L ^ oq S 
Mass in Grammes = M > O -§ 

Time in Seconds =T j o^c 

2. Derived Mechanical Units. 



Velocity. . . V = =j 



Force ...F = 



T 
LM 

rp2 



Work ...W = -^2- 

3. Derived Jfagnetic Units. 
Strength of the Pole of a Magnet . «i = L^ M' T"i 
Moment of a Magnet . . wi ?t = I^^ M* T"! 
Intensity of a Magnetic Field . . I = L"* M^ T'^ 

4. ElecPro-Magnetie System of Units. 
Quantity of Electricity . . . Q = L* M^ 
Strength of Electric Current . . C = L^ M^ T"! 
Electro-Motive Force . • . . E = L^ M^ T'^ 
Kesistance of Conductor . . . R = L T"^ 
Capacity K = L-iT2 

5. Electro-Staiic System of Units, 
Quantity of Electricity . . ^ = L^ M^ T-i = «; Qf 



"J T-2_ 



Strength of Electric Current . c = L^ M^ T-2 = t; C 

V 

R 



Electro-Motive Force . • . e = L' M' T"! = - 

V 



Resistance of Conductor . . r = L"* T 



= v^ 



Capacity k^lj =t72K 

* See "Units and Physical Constants,"— -&Vcre<« 
t /= length between poles, 
t v= 3 X 10^* centimetres per second approximatively, and is the ratio of thfl 
Electro-magnetic to the Electro-static Unit of Quantity. 
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6. PRACTICAL ELECTRICAL FNITS OF MEASUREMENT 

(British Association and International Congress of Electricians, 

Paris, 188L) 

1. For electrical measurements the fundamental units, the 
centimetre (for length), the gramme (for mass), and the second 
(for time), forming the C.G.S. system, are adopted. 

2. Besistaiice = (R).— -The Ohm is equal to 10^ C.G.S. "^ units of 
resistance. It is equal to the resistance of a column of pure 
mercury 1*0624 metres long, of a square millimetre section, at 
the temperature of zero Centigrade. The megohm = one million 
ohms. The Siemens JiierciuT Unit (length 1 metre, section 1 sq. 
mm. at 0° C.) = 0-94125 ohms. 

The above are according to Lord Bayleigh's latest determinationB, as given in his letter to 
the Paris International Conference da Electric Units, Oct. 1882. One mercury unit = 0*95112 
of the B. A. unit, and one BJi, unit = 0*98651 of the troe ohm. 

3. Electro-motire Force = (E).— The Tolt is equal to 10^ CCS."^ 

units of electro-motive force, or about 8 per cent, less than 
the E.M.F. of a standard DanielFs cell. Electro-motive force is 
equivalent to the difference of potential between two points. 

4. Current = (C). — The Ampere is equal to 10~^ C.G.S."^ unitS of 

current. It is the current produced by a volt through an ohm. 

ni.T«'aToTn. n„^^«f Electro-motive force ^_p_E 

UJim s Jjaw. . .Uurrent = =r — j— , or k^ = ^. 

Resistance R 

O. <|naiiUty = (Q).— The Coulomb is equal tO 10"^ C.G.S.* units 

of quantity. It is the quantity of electricity given by an ampere 
in a second. 

6. Capacity = (K).— The Farad is equal to 10~® C.G.S.* units of 
capacity. It is the capacity defined by the condition that a 
coulomb charges it to the potential of a volt. 

A microfarad = (m/'d) = 10"^^ C.G.S.* units of capacity, or one- 
millionth of a Farad. 

t7. Power=(P).— The Watt is equal to 10^ C.G.S.* units of 

power. It is the power conveyed by a current of an ampere through 

a conductor whose ends differ in potential by a volt ; or, in other 

words, the rate of doing work when an ampere passes through an 

ohm, and it is equal to 10^ ergs, or a Joule per second (j^ of a 

E X C 
horse-power nearly). /. E x C = Watts, and = horse-power. 

t 8. Heat or Work = (W).— The JToale is equal to 10^ C.G.S.* units 

of work or ergs. It is the work done, or heat generated by a Watt 

* Electro-magnetic system. 

+ Two units proposed by Dr. Siemens at British Association, 1882, and 
likely to be adopted in practice. 
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in a second — i,e., the work done, or heat generated in a second hy 
an ampere flowing through the resistance of an ohm, or the heat 
generated by a coulomb running down through a difference of 
potential of 1 volt. It is therefore the amount of heat equivalent 
to 107 ergs. Assuming Joule's equivalent = 42,000,000, it is the heat 
necessary to raise -238 gramme of water 1° C, or approximately 
nnnr ^^ ^^® arbitrary unit now in use of 1 lb. of water raised 

rc. 

c. MECHANICAL UNITS. 

1. Accelemtion is the rate of change of velocity, and mny be 
either positive or negative. 

2. OraTitf. — The acceleration of a body falling freely under the 
action of gravity in vacuo is denoted by (^). 

The value of {g) in C.G.S. units at any part of the earth's 
surface is approximately = 981 (at Greenwich = 981*17); or 32*2 
foot second units. 

3. Force.— The C.G.S. unit of force is called the dyne. It is 
the force which, acting upon a gramme for a second, generates 
a velocity of a centimetre per second. 

4. iTork. — The C.G.S. unit of work is called the erg. It is 
the amount of work done by a dyne working through a distance 
of one centimetre. 

5. EnercT-— The C.G.S. unit of energy is also called the erg ; 
work done being equal to the energy expended. 

6. Work ezpreMod in GmTltatlon JHeasare : 

One gramme centimetre = {g) ergs = 981 ergs. 
.'. one kilogramme-metre = 100,000 (jg) ergs. 
One foot-pound = 13,825 (g) ergs, 
= 1*356 X 10^ ergs = 13*56 million ergs. 

7. The Unit Kate of Working is one erg per second. 

Wau*a "Horse-power*' = 33,000 foot-pounds per minute = 550 
foot-pounds per second = 7*46 x 10^ ergs per second = 7,460 
million ergs per second. The equivalent electrical energy of a 

£ X C 

horse-power = -—^- (where E = electro-motive force in volts and 

O = current in amperes). 

The French ^^ force de cheval" = 75 kilogramme-metres per 

second = 7*36 x 10® ergs per second = 7,360 million ergs per 
second. 

d. HEAT UNITS. 

8. Heat (H). — The unit of heat is the amount of heat required 
to raise one gramme of water from 0® to 1° Cent. 

9. The mechanical equivalent of heat (see Froceedings Boycd 
Society f voL xxvii., p. 38, by Joule) = 772*55 foot-pounds at the 
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sea level of Greenwich for each degree Fah. in a pound of water 
= 4*1624 X 10^ ergs per gramme degree Cent., say 42 million ergs, 
generally represented by letter (J). 

10. The Heat Cienerated in time T (seconds) by a current 

Q2 P T EOT 

through a wire of resistance R is — = — = — = — (gramme degrees), 

where J = 4*2 x lO'^, and C, R, and E are expressed either in 
absolute electro-magnetic or electro-static units. 

For practical use when is amperes, R ohms, E volts, and 
T seconds, the heat generated in time T = C^ R T x 0*2405, or 
E C T X 0*2405 gramme degrees. 

e. LIGHT UNITS. 

1. The English anit of light is the light given out by one 
sperm candle burning 120 grains per hour; (six candles weigh- 
ing one pound). 

2. mr. Ternon Marconrt^s standard flame equals the average of 
one English standard candle. It consists of an air-gas flame^ 
2^ inches in height, rising from an opening J inch diameter. 

Mixture of air and pentane : 576 volumes of air to one of 
liquid pentane at 60° Fah., or if both are in form of gas 20 of 
air to 7 of pentane. 

3. The French unit of light is the light given out by one 
Oarcel burner, and equals 9*3 English standard candles. 

§ II.— ELECTRO-CHEMICAL EQUIVALENTS. 

1. ^QnantitatiTe I^awa of JBIectrolysis. — I. The amount of chemical 

action is equal at all points of a circuit. 

11. The quantity of an ion liberated at an electrode in a given 
time, is proportional to the strength of the current in amperes. 

III. The quantity of an ion liberated at an electrode in one 
second, is equal to the strength of the current multiplied by the 
*' electro-chemical equivalent" of the ion. 

^^ T = thrtkJe hTSds } C. T = Q = quantity in coulombs. 

2j = the electro-chemical equivalent (see Table I. col. 6). 
to = the weight in grammes of the ion (or element) liberated; 
then 

w? = CT«=Q«. 

The above rules, as may be inferred from law (I.), apply not only 
to the decomposition in a depositing bath, or outside the battery, 
but also to that taking place inside the charging battery itself. 

* See ** Magnetism and Electricity," Art 211, Sylvanus P. Thompson. 

X 
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2. PoiwpiBMioa.— Whenever an electrolyte is decomposed by a 
current of electricity, the resolved ions have a tendency to 
reunite, thus setting up an opposing electro-motive force to the 
decomposing current. This tendency to reunite is commonly 
termed "chemical affinity." The electro-motive force of the 
decomposing current must therefore be greater than that due 
to the chemical affinity of the resolved ions. For example, 
when water is decomposed by a current of electricity into its 
constituent ions, oxygen and hydrc^en, the opposing electro- 
motive force due to the chemical affinity of these two gases is 
about 1 *5 volts ; therefore no battery can decompose water unless 
it has an electro-motive force at least greater than 1*5 volts. 

3. Biectroi7sto.— If Q = the quantity of electricity passed through 

an electrolyte in C.G.S. units, 
E = the opposing electro-motive force in C.G.S. units, 
Z = the electro-chemical equivalent of the ion deposited per 

C.G.S. unit (see Table I. col. 5), 
H = heat of combination in gramme degrees of the ion in 

question with the other resolved ion (see Table II. 

ool. 3), 
J = Joule's equivalent = (42 x 10^), 

Then the amount of work done = EQ = QZHJ = Joule's. 

.-. E =ZHJ.* 

Or, the dectro-motive force of any chemical rea^stion is equcd to the 
product of the dectro-chemical equivalent of the separated ion into 
the Iieat of combination expressed infu/ndamental units or ergs,\ 

The principle and action of Secondary Batteries depend 
upon the above laws and rules. 

.One ampere decomposes '0000945 gramme of water per 
second, liberating -0000105 gramme of hydrogen, and '0000840 
gramme of oxygen. 

The amount in grammes of any other ion liberated from an 
electrolyte in one second by a current of one ampere is given by 
the electro-chemical equivalent of the ion. The electro-chemical 
equivalent of any element is found by multiplying its chemical 

equivalent (or ^ Q^^^ ^^^g — \ jjy the equivalent for hydrogen, 
\ valency / 

viz., -0000105 (see Table I. col. 5). 

* To express E in volts, divide by 10®. 

+ For example : — In decomposing water we can calculate the opposing 

E. M. F. that will be set up by the hydrogen tending to unite with the oxygen. 

By formula E = ZH J (see Table I. for Z, and Table II. for H and J), 

. -. E = -000105 X 34000 x 42 x 10« = 000105 x 1 -43 x 10" = 1-5 x 10* = C.G.S. 

E 
units of E.M.F. . -. 'ij^8= 1'5 volts. In the same way we may calculate the 

opposing E.M.F. set up in charging any secondary battery, or eflFecting any 
r)articular electrolysis. 
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Table L — ^Tablb of Elbgtro-Chbhioal Equivalents, &;a 
(From Sylvanus P. Thompson.) 



1 


2 


8 


4 


6 
Electro-chemical 




Atomic 


Val- 


Chemical 


Equiyalent 




Weight 


ency. 


EqaiTalent 


(grammes 
per coulomb).* 


Mectro-pontive-^ 






Z. 


Hydrogen, 


1- 


1 


1- 


•0000105 


Potassmm, 


391 


1 


391 


•0004105 


Sodium, .... 


23- 


1 


23- 


-0002415 


Gold, .... 


196-6 


3 


65-6 


•0006875 


Silver, .... 


108- 


1 


108- 


•0011340 


Copper (Cupiic), 


63- 


2 


31-6 


•0003307 


„ (Cuprose), . 


63- 


1 


63- 


'0006616 


Mercury (Mercuric), 


200- 


2 


100- 


•0010500 


,, (Mercurose), 


200- 


1 


200- 


•0021000 


Tin (Stannic), . 


118- 


4 


29-5 


•0003097 


„ (Stannose), 


118- 


2 


69- 


•0006195 


Iron (Ferric), . 


66- 


4 


14- 


•0001470 


„ (Ferrose), 


56- 


2 


28- 


•0002940 


Nickel, .... 


69- 


2 


29-5 


•0003097 


Zinc, .... 


65- 


2 


32-6 


•0003412 


Lead, . . • 


207- 


2 


103-5 


•0010867 


Electro-negative — 










Oxygen, .... 


16- 


2 


8- 


•0000840 


Chlorine, .... 


36-5 


1 


35-5 


•0003727 


Iodine, .... 


127- 


1 


127- 


•0013335 


firomine, .... 


80- 


1 


80- 


•0008400 


Nitrogen, 


14- 


3 


4-3 


-0000490 



Table II.— Heat and Energy of Combination with Energy. 







(F 


'rom Everett on 


Units.) 




1 

1 gramme of 


2 

Compound 
formed. 


3 

Gramme-degrees 

of heat produced 

=IH.) 


4t 
Equivalent 

Energy, in ergs, 
=(H.J.) 


Hydrogen, . 
Carbon, 
Sulphur, 
Pho8i>horus, 
Zinc, . 
Iron, . 
Tin, . 
Copper, 

Carbonic oxide. 
Marsh-gas, . 
Oletiant gas. 
Alcohol, 






HaO 
CO2 
SO2 

P2O5 
ZnO 

Fe804 

Sn02 

.CuO 

CO2 

CO2 and H2O 

ty 

9f 


34000 A F 
8000 A F 
2300 A F 
5747 A 
1301 A 
1576 A 
1233 A 
602 A 
2420 A 
13100 A F 
11900 A F 
6900 A F 


1-43x1012 
3-36x10^1 
9-66x10'" 
2-41x10^1 
5-46x10"' 
6-62x10'" 
5-18 „ 
253 „ 
1-02x10^1 
5-50 „ 
600 „ 
2^90 „ 



The electro-chemical equivalent in grammes per C.G.S. unit, or Z equal 
10 times z, because a coulomb =iV of the C.G.S. unit of (juantity. 

t Column 4 is obtained by multiplying the correspondmg figures in column 
3 by Joule's equivalent (J=42 x 10'), since 1 gramme-degree of heat=42 x 10 
ergs. 
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Tablx II. — continued, — Combustion in Chlorine. 



1 

1 giumme of 


3 

Compoand 
formed. 


8 

Oramme-degrees 

of heat prodaced 

= ifl.) 


4 

Equivalent 

Energy in erga 

=(H.J.) 


Hydroj^n, i 
Potassium, . • 
Zinc, .... 
Iron, .... 
Tin, ... . 
Copper, 


HCl 
KCl 

ZnCla 
FeaCle 
SnCU 
CuClg 


23000 FT 
2655 A 
1529 A 
1745 A 
1079 A 
961 A 


9-66x1011 
1-12 „ 
6-42xl0'« 
7-33 „ 
4-53 „ 
4-04 „ 



The numbers in the last column are the products of the 
numbers in the preceding column by 42 millions. 

The authorities for these determinations are indicated by the 
initial letters A (Andrews), F (Favre and Silbermann), T 
(Thomsen). Where two initial letters are given the number 
adopted is intermediate between those obtained by the two 
experimenters. 

§ III.— ELECTRICAL MEASUREMENTS, 
a. WHEATSTONE'S BALANCE. 



Wheatstone's bridge 
or balance consists 
of four separate 
resistances, a, h, R, 
and X, arranged as 
shown in the theo- 
retical diagram (fig. 
1), with battery B> 
galvanometer Gr, and 
keys K^, Kg. 




Fig. ].* 



X = the unknown or the resistance to be measured. 

a and b two fixed resistances. 

R = a variable resistance which is adjusted until, when Ki 

and Kg are depressed, no deflection is observed on 

galvanometer (G). 



See footnote^ page 311. 



PRACTICAL FORMS OP WHEATSTONE BRIDGE. 30^ 

Then the following ratio exists — 

a :b: iB. : Xf 

or a a? = 6 R, 

or the products of the opposite sides of the bridge are always 
equal to each other, 

a 

Should the resistances a and b be equal, the value of x is read 
at once from R; should they, however, bear a certain ratio to 
each other, such as 1 to 10, 1 to 100, &c., or 10 to 1, 100 to 1, 
&c., (R) must be multiplied or divided by that ratio. 

When further accuracy is desired than can be obtained by 
the ratios of a to b at disposal, note the galvanometer deflections 
to left and right, with the lesser and greater resistances in (R) 
respectively, and calculate by porportion the excess of the true 
resistance over lesser. 

For example, let a = 10 and b = 1000, and let the true resistance 
of (x) lie between 5*11 and 5-12. If with R = 511 we get G 
divisions to left = (c^j), and with R = 512 we get 12 to right = (d^. 

Then {d^ + d2) : I : : d^ : y, 

t.e., (6 + 12) : 1 : : 6 :y.= '3, 

/.aj- 5-113 
This method is very often used in practice with a = b instead 

of using I = J^ or tJ^. 

When taking the copper resistance of a submerged cable, if 
earth currents are present always balance to cable or earth current 
zero, 

b. PRACTICAL FORMS OF WHEATSTONE BRIDGE. 

1. Slide Wire or Metre Bridge, 

R 4. X 



on "Mectncal Testmg, 
vol xlv. 1873,p. 114; G: 
EncydopcBdia JSritannica, 
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Slide Wibe or Meter Briboe, Flak of Conhbctions. 
For measuring the resistance of short lengths of wira 




Fig. 3.» 



Altiiough great accuracy is not obtainable by this kind of 
bridge, as its working depends upon the assumption that the 
wire a.b is of uniform resistance throughout, it is nevertheless a 
very useful form of bridge for the workshop, and is generally used 
in connection with a horizontal needle or tangent galvanometer 
(G), and DanielFs or De la Rue's chloride of sUver battery (B). 

2. Post Office Pattern of Wheatstone Bridge and 

Eesistance Box. 




Fig. 4.* 

See footnote, page 311, 
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FBACnCAL FOKUS OF WH£AT8T0KE BBIDOE. 



3. Dial Fatiskh of Whkaibtome Bbuhiz akd Bebistahob Box. 
1 4 



Pig. 6. 
Plan of above. 




Kg.R 

In this form of bridge and resistance box, the reaiatances are 
brought into circuit by tlie introduction of the plugs into the 
holes, which is the opposite of that in the Post Office pattern. 
It ia therefore easier to read off from. The infinite resistance 
plug (inf.) between 2 and 4, or 1 and 1, must be removed when 
taking resistance by Bridge method. 



BLBOTBtOAL BULBS, TABLBS, AND VOBHOLS. 

4. Sia WiLUAH Thohsoit and Mb. Tabley'b Slidk 
Rebistakce Coils. 



Flan with iatenial and exteroal conitectionB, joined up as an 
ordiuaiy bridge. S&me letters and figures as in Fig. 1. 




Kg. 8.' 

The above fig. (7) gives a general view of the slides, fig, 8 
a plan with connections for testing the resistaDce of wires or 

" See footnote, page 31L 
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cables on closed circuit, and fig. 9 a geometrical plan of the 
fall of 2>otential in the slides, with the connections used in 
testing submarine cables, either for copper resistance or insulation 
during or after submersion. 
The slides replace two arms of the Wheatstone bridge (a and b, 

see fig. 1), and the ratio - is varied, not by inserting or taking 



out plugs, but by simply turning one or both of the handles. 

In the left-hand box (figs. 7 and 8) we have the slides proper, 
consisting of 101 coils of 1,000 ohms each, or a total of 101,000 
ohms, and in the right-hand box we have the vernier or sub- 
dividing slide, consisting of 100 coils of 20 ohms each, or a total 
of 2000 ohms. The double contact pointer, which is free to be 
moved from end to end of slide (i,e,, from to 99 on one pointer 
and 2 to 101 on the other, or over 99 coils of 1000 ohms each, 
i.e., over a total of 99,000 ohms on either pointer), embraces two 
coils (2000 ohms), but being attached to ends and 100 of the 
vernier slide, it thereby introduces an equal resistance (2000 
ohms), thus making the absolute resistance between the pointers 
equal to 1000 ohms, or the total resistance between the points 
1 and 2 (figs. 8 and 9) of 100,000 ohms; for let 

G = resistance between pointers A' = 2000 ohms, 

S = resistance between'O and 100, or vernier slide -- 2000 ohms; 

then, by shunt formula the joint resistance between two contact 

AT GS 2000x2000 mnA i 
pointers, A^ = -TL^ =^rrrJl^rrr == 1000 ohms. 

^ ' G + S 2000 + 2000 

Part of the current from battery (^g» 9) therefore flows on 
short circuit through this 100,000 ohms resistance, and the 
remaining part through the resistance E* and cable {x), 

5. How TO TAKE A TeST WITH SlIDES. 

In taking a test of a cable, either for copper resistance or 
insulation, all that has to be done is to introduce a suitable 
resistance B, and move the slide handles until no deflection is 
observed on the galvanometer (when earth-currents are present 
balance to earth current zero). Then read the number on side 
of slides from zero marked a (fig. 9), and work out the following 
equation. 

If II = resistance introduced in position H. 

a = reading on slides, i.e., from O to first pointer on left- 
hand or double pointer slide, plus O to single pointer 
on right-hand slide ; see example, p. 315. 
5 = 10,000 -a. 
X = resistance of cable to be found. 



3U 



ELECTBIOAL BT7LES, TABLES, AND FOBMULJS. 



6. QSOHETEICAL PLAH OF SlIDE HeSISTANOE CoILS, WITH CoNinBCnOS 

FOB COPPSB HeBIBTANGE AND INSULATION.* 



Cable* (Ai« 







Fig. 9. 






Note, — The same letters and numbers are used for Gg. 9 as in fiff. 1, but the 
position of Galvanometer and Battery are interchanged. 

Then by rule for Wheatstone bridge, viz. — the product of the 
opposite sides of the bridge are equal (see p. 308 and ^g, 1), we get 

a : 6 : : K : a;, 
a;(10,000-a) : : R : a, 
oa; = (10,000- a) R, 

"We have therefore only to look up for the reciprocal of the 
reading (a) in Barlow's or other tables (for reciprocals 1 to 1000 see 
pp. 1 to 30), multiply it by 10,000, subtract 1 and multiply by E 
to get X. For copper resistance tests R may conveniently be taken 
as the nearest multiple of 10 to the resistance of the cable or wire 
under test, and for insulation 1 megohm answers very well. 

These slides are now very much used on cable expeditions, 
both duriog and after submersion. 

* For Insolation test Free Cable. For Copper Resistanoe test Eoaih Cable* 
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JKmmpfe.— The reading (a) on the slides (fig. 8) is 9532, 

/. h = (10,000 - a) = (10,000 - 9532) = 468. 
If It = 1000 ohms, then by formulffi 

-(■T^->)''-(^"if-Ow»«-«^»'- 

For the reciprocal of 9532 ^or Q^Vseetables,p. 29)= -000104909, 
•-. 000104909 X 10,000 = 1-04909; (1-04909 - 1) 1000 = 4909 .♦ 

b. TO MEASURE INSULATION OF CORE OR CABLE BY DIRECT 

DEFLECTION. 

With Sie William Thomson's Mibeoe Galyaxometee. 

If Z = length of cable in knots. 
H = constant resistance in megohms. 
G = galvanometer resistance in ohms. 
s = resistance of shunt in ohms, used with res. R. 
c?, = deflection with full battery through res. E* 

f j =i multiplying power of shunt. 

€^2 = deflection with cable using no shunt. 

Thfi constant of the galvanometer (unshunted) = B.^^^ ( j 

Ab«»lnte Uwalatlon of cable in megohmS = Xy 



constant 



^^ ' d. 



2 

For insniatioB per knot multiply absolute resistance by length 
in knots.t 

c. MEASUREMENT OF ELECTRO-STATIC CAPACITr. 

Sib William Thomson's Method. 

This method is now almost universally adopted in comparing 
the capacity of condensers, or cables with condensers, both in the 
&ctory and at cable stations. 

* The tests and calculations for resistances by slides are thns very easily, 
accurately, and quickly made, 
t See Tables iX., X., and XI., for tests of recently submerged cable. 
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TABLE OF DETAILS. 

B = Battery. 

Bi = Variable Besistance. 

B2=Fixed „ 

E =Earth. 

G = Galvanometer. 

Fi = Standard Condenser. 

F3= Cable or Condenser to be 

measured. 
1, 2, 3, 4,6=Key8. 



Free 



Fig. 10. 



EXPLA.NATION OF FlGUBE AOT) TeST. 

1. Close key 1, then the poles of a well insulated "battery 
(B), of from 1 to 10 Daniell or chloride of silver cells, are joined 
together through two resistances, R^ and Rg, to eartL 

Then, if V^ and Vg = the potentials at the points of junction 
of the battery with the resistances R^ and Rg, we have 

2. By closing keys 2 and 3 simultaneously for a fixed time, 
the condenser and cable are charged to potentials V^ and Y^ 
respectively. 

If F^ and Fg be the respective capacities (in microfarads) of 
the condenser and cable, and Q^ and Qg the charges givea 
to them. 

3. Upon releasing keys 2 and 3, close key 4 for a fixed time, 
80 as to allow the charges given to condenser and cable to miXf 



* Rj being a fixed resistance, and Ri varied by trial, until no deflection 
is got through galvanometer. 
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then if Q^ = Qj, upon bringing the galranometer into circuit by 
oLosiiig key 5, there will be no deflection. 
AndViF,=VjFi, 
orVj:Vi;:F, :F.; 
bat from (1) we have 

V, : V, : : R, : E„ 
/. E, : E, : : F, : F„ 

«.«., (capacity of cable) Fj = ^Fi (microferada).* 

Mr. Lambert baa lately designed a special key for taking tbia 
test. It does away with the necessity for using the four separate 
keys 2, 3, i and 5, and ensures gi-eater certainty. lb will at 
once be understood from ttie diagram, 

Lahbbrt'8 Key foe Thouson's Capacity Test. 



Kg- n. 

Hie letters at the ends of the leading wirot in Fig. 11 iadioate the parts 
in Fig. 10 to which they have to be attached. 

By pnibinir forward bey button K the two Condsniers (or Condenser and 
■•.i.i~i v. .Uj p. „l™..it»..-nn.i 1 .• ' 



In testing short lengths of core, say one-knot pieces, in the 
guttapercha factory, it saves calculation; if R, = BOOO ohms and 
F, = '5 microfarad, then the capacity can be read off directly to 
four places of decimals from E,. If testing three to four knot- 
lengths, R, may conveniently he made equal to 1000 ohms, and 
F, 3 1 microfarad. 

When testing long submerged cables of, say, 1000 knots or 

more, E, may be^IOOO ohms, and Fi = 100 microfarads. F, 

being composed of the large signalling condensers used at cable 

* 8«e example, page 313. 
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stations with siphon reooider or mirror. F^ is first carefully tested 
and adjusted hy comparing it with a standard condenser. If 
earth-currents exist, free cable by a special key immediately 
before discharging condenser (F^) through galyanometer, taking 
the mean of several + and — readings. 

In order to get uniform capacity tests by this method, it is 
well to adopt some fixed time of charging and mixing, because 
condensers of different materials, such as a standard shellac mica 
condenser with a condenser of paraffined tinfoil, or a condenser 
and a cable, have different rates of absorption. 

Dr. Muirhead recommends, when comparing small capacities, 
say a standard ^ to 1 microfarad shellac-mica condenser witli a 
10 to 20 microfarads paraffin-tinfoil one, a charge of 15 seconds, 
and a mix of 4 seconds. With a long cable of 1000 knots the 
author has found a charge of 5 minutes, with 10 seconds for 
mixing, to do very well. 

Example. — Gibraltar-Malta Cable, tested at Malta by A. Jamieson. 
Len^h=1120 knots; Insolation Besistance, 5th minute =1490 megohms 
per knot; Total Copper BeaiBtanoe= 11,293 ohms., or per knot= 10*083. 
Fi = 100 microfarads of signalling condensers, carefully tested in portions of 
about 20 mfds., and then finally adjusted to a total of 100 mfds. by com- 
paring with a 1 mfd. standard condenser ; F2= total capacity of cable to be 
found ; B2 = 1000 ohms fixed resistance ; Ri =3846 ohms (b^g a mean of 5 
alternate tests with 10 cellSy copper (+) and zinc ( - ) to cable), in order to 
eliminate the error arising from earth or cable currents. A very sensitive 
astatic minor galvanometer was used. The cable and the 100 mfds. 
condenser were charged simnltaneoudy for 5 minutes, then allowed to mx 
for 10 seconds, both bein^ earthed for a few minutes between.each ( + ) and 
( - ) test, in order to discharge them. 

By formula Fa =5^ Fi= ?^ 100=384-6 micro&rads. 

••• Capacity per knot=;^^^?^^=^^=0-3434imoroferad. 
A similar test from Gibraltar end gave 0*343 microfarad per knot. 

d. MEASUREMENT OF POTENTIALS.* 
Electro-motive forces. Laws's method. 

The electro-motive force of a battery is the difference of the 
potentials at its poles when those poles are free. 

1. Join up standard battery with discharge key and condenser 
(^ to 1 microfarad), charge condenser by depressing key, and 
discharge it through galvanometer by releasing key ; note de- 
flection and resistance of shunt 81 used with the galvanometer 
of resistance, G. 

* For other methods, see '* Electrical Testing," Kempe, chap, xi, ; "Elec- 
trical Tables," Clark and Sabine, pp. 90-94. 
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2. Introduce the battery -whose E. M. F. is desired in place 
of standard battery, and effect the same operation, adjusting the 
shunt to 82 until the same deflection is obtained as in former case. 

Then, if E^ and Eg be the electro-motive forces of the batteries 

81 82 

If T7e obtain a suitable deflection, using no shunt with standard 
battery, then obtaining the same deflection with other battery^ 

Ea = Ei^i^ (volts). 

Or, the unknown dectro-motive force equcU8 the known into the 
multiplying power of the shunt ueed. 

N.B. — When comparing large with small electro-motive forces 
charge condenser with small battery first. 

3. JBySiideii.— Seeflg. 9. — Leaving out the resistance B. and cable 
X with their leads, place a standard battery of known E.M.F. with 
a single contact key between galvanometer (at 4) and earth. Let 
the current from larger battery, whose E.M.F. is required, flow 
directly through the slide res. coils from 1 to 2, — similar poles 
of each battery being next slides. Then, depressing the short 
circuit key for an instant at a time, move contact pointers to 
right or left, until no deflection is obtained on galvanometer; 
then the potential on each side of galvanometer must be equal. 

Therefore, Eg = — ^ — Ej (volts), a being the reading on slides. 

One of the ends of both batteries and end of coil 101 of slide 
res. coils are joined together. 

e. BATTERY RESISTANCE. MUNRO'S METHOD. 

This is practically the best test for battery resistance. 

B = battery whose resistance 
^p-,^ is to be found. 

V 1^ J ^\ condenser. 

^JS*^ S = shunt wire in ohms. 

G = galvanometer. 
Ki, Kg = keys. 
Plan of taking test — 
Depress Kg and note deflec- 
tion G?2; still keeping Kg down 
depress K^, and note deflection d^ 
(in reverse direction). 
B Then, r, battery resistance. 




= small ^ to 1 microfarad 






mm 




Fig. 12. = S 



dn-di 
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/. JOINT TESTS.* 

In the factqry new joints, when cool, are tested against doable 
their length of good core of the same size and matenaL 

1. The joint is placed in a thoroughly well insvlated trough^ 
containing salt water and copper plate with an insulated lead 
attached to a condenser. The joint is then charged with 50O 
Daniell cells, further end being free, and the leakage through the 
joint to the plate and condenser noted after a half minute charge, 
by the discharge deflection on a sensitive Thomson's astatic 
mirror galvanometer. 

2. Five to six feet of good core are treated in the same way, 
and if the joint is not worse than the core it is passed. 

Joints on board ship during an expedition are seldom or ever 
tested, but thej are made by thoroughly experienced and 
reliable workmen. 

g. FAULTS IN SUBMERGED CABLES.t 

Protection of Conductor. — Wheneyer a fanit appears in a cable, which does not entirely 

Ttrevent telegraphic commanication, the signalliDg batteries at each end shoold be reduced 
n power to a minimum, and a small " protecting battery " attached to the end of cable 
nearest fault as a T piece, with its ( - ) pole fixed to the iuncaon between cable and sigualling 
condensers, and its (+) pole to earth through a high resistance (say 10,000 ohms). This 
causes a negative current to flow constantly to the fault, which keeps ft clean, and prevents 
the conductor being eaten away at the fault by the signalling currents. 

Localising Faults.'^The '* breaking down " of a high resistance, or small fault, with strong 
reversing currents should only be resorted to after every other method of localising it has 
failed, as such treatment has a great tendency to produce other faults, especially if the 
original fault be at a considerable distance. In all cases, when localising faults, use as small 
a battery power as practicable, just sufflcient to enable the resistance to or of the fault to be 
determined with accuracy. Never depend entirely upon results obtained with the (+) pole 
of the battery to cable, or with observations taken after the resistance of the fault has begun 
to increase with tbe (- ) pole to cable, since a (-|-) current has the power of depositing copper 
salts at, and thereby increasing the resistance of, the fault, while the ( - ) current reduces and 
throws off these salts, but immediately thereafter it begins to generate hvdrogen, which also 
clings to, polarises, and increases the resistance of the fault It is therefore best in all cases 
where the fault makes earth, to charge first with a {+) current, and then to take observations 
with a (-) current, noting, as most correct, that obtained immediately before a sudden 
increase in resistance takes place. The testing battery should be very constant, well insula- 
ted, and of low resistance, such as De la Bue*B chloride of silver cells, or good Daniell's, with 
large well amalgamated zinc plates. 

In all cases, such as Varley's Loop and Blavler's, where it is advisable to balance to earth 
or cable current zero, a sensitive dead beat mirror galvanometer is preferable to an equally, 
or even more sensitive astatic galvanometer. 

In all cases where the resistance of a fault bears an appreciable ratio to the absolute 
insulation of the cable, it is advisable to make correction for the apparent position of the 
same by taking into account the position and resistance of the ** natural resultant fault" In 
single cables this *' natural resultant fault " has generally to be assumed to be at the centre of 
the cable, and is equal to the absolute insulation (see "Electrical Tables,*' Clark A Sabine, p. 
45) ; but in duplicate cables, or where a loop test can be applied, the exact position and valae 
of the natural resultant fault should be frequently obtained by a Varley's Loop and ordinary 
insulation tef ts. In dealing with long cables and faults of, say, over 100 ohms resistancsr 
4hin correction is absolutely necessary before the true position of the fault can be arrived at 
with accuracy. 

* See ''Electrical Testing/' Kempe, chap, zviii. 

+ For tests of Faults in cables, land lines, and short lengths of core, see 
"Electrical Tables/' Clark and Sabine, pp. 41-60; "Electrical Testing" 
Kempe, chaps, iz. and xvL ; " Electricity and Magnetism," Jenkin» 
chap. zxY, 
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§ IV.— a. COPPER 

1. The flpecuic gniTitr of copper wire used for conductors is 
about = 8-899. 

2. One cubic foot weighs about 550 lbs., therefore one cubic 
inch = 0-32 lbs. 

3. The melting point of copper is about 2000° Fah. (see p. 302.) 

4. The strength of a wire or strand is 1} lbs. per pound weight 
per knot — i.e., a strand weighing 200 lbs. per knot would bear 
300 lbs., and stretch from 10 to 15 per cent, before breaking. 

5. The weight per knot of a copper wire is about -- lbs. : 

d being the diameter in mils., and for a strand yry^; mils.* 

6. The diameter of a copper wire weighing {w) lbs. per knot, 

is about 74 ijw mils., and for a strand about 8*4 Jw mils.* 

7. The resistance of a knot of pure copper wire weighing 
1 lb. is 1192-45 ohms at 75° Fah.* 

8. The resistance per knot of any pure copper wire, d mils. 

in diameter, is «f« ohms at 75' Fah. 

The resistance per statute mile (1760 yards) of any pure copper 
wire, (d) mils in diameter, is — -^ ohms at 60° Fah. 

From which we get the reaistancea of copper wire per 100 yards 
at 60° Fah. 

d = (diameter in inches). 

T, -003118. Qo^^^^^^x -003185 

Pure = — -^2 — ; 98 per cent. — -g — ^ 

o . . -003265 . Qi «.. .oT.f -003335 

96 per cent. = — ^^ — ; 94 per cent. — _ — • 

o„ . -003400 ^^ ^ -003478 

92 per cent. = — -_ — ; 90 per cent. — -^ — • 

9. The resistance per knot of a cable conductor is equal to 
120,000 divided by the product of the percentage conductivity 
of the copper and its weight per knot in lbs. 

10. The Specific €ondactiTit7 of pure copper is taken as 100. 
The copper used for telegraphic and electric lighting conductors 
is of lower conductivity, or, in other words, of higher resistance, 
but ought never to be under 90 per cent, of that of pure copper. 

* The weight and resistance of a copper strand are best foand by 
multiplying vne above results for one wire, by the number of wires composing 
the strand. A mil. = x^ of an inch, or *001 inch. 

Y 
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It can be obtained equal to 98, and many firms will guarantee 
95 per cent. 

11. The yiiiiiMyi CMktadiriu of anj copper wire is found 
by multiplying the resistance of a pure copper wire of the 
same gauge and length by 100, and dividing the product hj 
the actual resistance of the former at the same temperature. 

12. A wire of pure annealed copper, 100 indies in length, 
weighing 100 grains, has a resistance of 0*1516 ohms at €0*^ 
Fah. ; therefore the oonductiyity of any other wire, (l) inches in 
lengthy wei^iing (to) grains, and having a resistance (r) ohms, is 

^ 0-1516 X p. ^gpoj.^^ 
tor 

and the resistance = '^^^^^^ "" ^ (ohms at 60' Fah.)* 

to 



lO 



13. The Brrfifii 9€ co p pe r increases as the temperature 
rises, about 0*21 per cent, for each degree Fah., or about 0*38 per 
cent, for each degree Cent 

li. The staadard TeMpomtHw for copper resistance is 5° Fah. 
To calculate what will be the resistance at 75° cM to the log. 
of the actual resistance the log. opposite the temperature in the 
following table, lY., and their sum = the log. of the res. at 75°. To 
use the table for temperatures above 75° take the same number 
of degrees below 75, and subtract the log. opposite from the log. 
of the actual res. 

E.g.y let the temperature = 82°, then 82 - 75 = 7 /. 75 - 7 = 68. 
Referring to table the log. opposite 68 = •00638, which subtract 
from the log. of res. in order to get log. of rea at 75. 

Oerman Siirer weighs about 530 Ibs. per cubic foot, specific 
gravity 8-5. 

A prism of German silver one metre long and one square 
millimetre in section, weighs about 8*5 grammes, and its resistance 
is about 0*206 ohm. at 0" C, and increases about 'Oi per cent, 
per 1** C. The resistance of a prism of German silver one metre 
long, weighing one gramme, is about 1*75 ohms, at 0® C. 

* Standard i-esistances=0'1516 ohms at 60^ Fah., and samples of pure 
copper wire of different gauges are obtainable for measuring the specific 
conductivity of conducting wires. All copper wire intended for telegraphic 
or electric lighting, or telephonic purposes, should be carefolly tested before 
being accepted. A portion of the wire to be used may be drawn down to a 
fine size, and tested by the ordinary Wheatstone Bridge and resistance coils, 
care beinff taken to note temperatures of wire and bridge, as well as length 
and weight of former ; or Elliot's or Hockiu's meter bridges may be used for 
larger sizes of wire (see figs. 2 and 3), 
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TABLE m.— RESISTANCE AND WEIGHT. 
COPPER WIRE. 

(From "The Electrician.") 

The resistances are calculated for pure copper wire. 

The number of feet to the pound is only approximate for insulated wire. 



^6 




Feet per pound. 


Resistance, naked Coi9)er. 


Cotton- 
ooyered. 


Silk- 
covered. 


^ 


Ohms 

per 

1000 feet 


Ohms 
per mile. 


Feet 
per ohm. 


OhmR 

per 

pound. 


lOi 


•12849 


*•• 


••• 


20 


•6259 


3-3 


1600- 


•0125 


11} 


-11443 


■•• 


••• 


25 


•7892 


4-1 


1272' 


•0197 


12i 


•10189 


.»• 


••• 


32 


•8441 


4-4 


1185- 


•0270 


13i 


•09074 


•.• 


•*• 


40 


1^254 


6-4 


798- 


•0501 


14 


•08081 


42 


46 


60 


1680 


8-3 


633- 


•079 


15 


•07196 


55 


60 


64 


1-995 


10-4 


504- 


•127 


16 


•06408 


68 


75 


80 


2-504 


13-2 


400* 


•200 


17 


•05707 


87 


96 


101 


3172 


16-7 


316- 


•320 


18 


•05082 


•no 


120 


128 


4001 


23- 


230- 


•512 


18i 


•04525 


140 


150 


161 


5 04 


26- 


193- 


•811 


19 


•0403 


175 


190 


203 


6-36 


33- 


157- 


1-29 


20 


•03539 


220 


240 


256 


8-25 


43^ 


121- 


211 


21 


•03196 


280 


305 


324 


10 12 


63- 


99- 


3-27 


22 


•02846 


360 


390 


408 


12-76 


68- 


76-5 


5-20 


23 


•02535 


450 


490 


514 


16-25 


85^ 


61-8 


8-35 


24 


•02257 


560 


615 


649 


20-30 


108- 


48-9 


13-3 


25 


•0201 


715 


775 


818 


25-60 


135^ 


39-0 


20-9 


26 


•0179 


910 


990 


1030 


32-2 


170- 


310 


33^2 


27 


•01594 


1165 


1265 


1300 


'40-7 


214- 


24-6 


52-9 


28 


•01419 


1445 


1570 


1640 


51-3 


270- 


19-5 


84-2 


29 


•01264 


1810 


1970 


2070 


64-8 


343- 


15-4 


134^ 


30 


•01126 


2280 


2480 


2617 


81-6 


432- 


12-2 


213- 


31 


•01002 


2805 


3050 


3287 


103- 


638 • 


9-8 


338- 


32 


•00893 


3605 


3920 


4144 


130- 


685 • 


7-7 


539^ 


33 


•00795 


4535 


4930 


5227 


164- 


865- 


61 


856- 


34 


•00708 


... 


6200 


6590 


206- 


1033- 


4-9 


1357- 


• •• 


•0063 


... 


7830 


8330 


260- 


1389 • 


3-8 


2166^ 


• • • 


•00561 


... 


9830 


10460 


328- 


1820^ 


2-9 


3521- 


35 


•005 


... 


12420 


13210 


414- 


2200- 


2-4 


5469- 
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TABLE IV. 

LOGABITHMS OP COEFFICIENTS FOR CALCULATING COPPER 

By Clark, 



Dcg. 


■0 


•1 


•2 


•3 


■4 


32 


003918 


03909 


003899 


03890 


0-03881 


33 


•03827 


•03818 


•03808 


•03799 


•03790 


34 


•03736 


•03726 


•03717 


•03708 


•03699 


35 


-03644 


•03635 


•03626 


•03617 


•03608 


36 


•03553 


•03544 


•03535 


•03526 


•03517 


37 


•03462 


•03453 


•03444 


•03435 


•03426 


38 


•03371 


•03362 


•03353 


•03344 


•03335 


39 


•03280 


•03271 


•03262 


•03253 


•03244 


40 


•03189 


•03180 


•03171 


•03162 


•03152 


41 


•03098 


•03089 


•03080 


•03070 


•03061 


42 


•03007 


•02998 


•02988 


-02919 


•02970 


43 


•02916 


•02906 


•02897 


•02888 


•02879 


44 


•02824 


•02815 


•02806 


•02797 


•02788 


45 


•02733 


•02724 


•02715 


•02706 


•02697 


40 


•02642 


•02633 


•02624 


•02615 


•02606 


47 


•02551 


•02542 


•02533 


•02524 


•02515 


48 


•02460 


•02451 


•02442 


•02433 


•02424 


49 


•02369 


•02360 


•02351 


•02342 


•02332 


50 


•02278 


•02269 


•02260 


•02250 ' 


•02241 


51 


•02187 


•02178 


•02168 


•02159 


•02150 


52 


•02096 


•02086 


•02077 


•02068 


•02059 


53 


•02004 


•01995 


•01986 


•01977 


•01968 


54 


•01913 


•01904 


•01895 


•01886 


•01877 


55 


•01822 


•01813 


•01804 


•01795 


•01786 


56 


•01731 


•01722 


•01713 


•01704 


•01695 


57 


•01640 


•01631 


•01622 


•01613 


•01604 


58 


•01549 


•01540 


•01531 


•01522 


•01512 


59 


•01458 


•01449 


•01440 


•01430 


•01421 


60 


•01367 


•01358 


•01348 


•01339 


•01330 


61 


•01276 


•01266 


•01257 


•01248 


•01239 


62 


•01184 


•01175 


•01166 


•01157 


•01148 


63 


•01093 


•01084 


•01075 


•01066 


•01057 


64 


•01002 


•00993 


•00984 


•00975 


•00966 


65 


•00911 


•00902 


•00893 


•00884 


00875 


66 


•00820 


•00811 


•00802 


•00793 


•00784 


67 


•00729 


•00720 


•00711 


•00702 


•00692 


68 


•00638 


•00629 


•00620 


•00610 


•00601 


69 


•00547 


•00538 


•00528 


•00519 


•00510 


70 


•00456 


•00446 


•00437 


•00428 


•00419 


71 


•00364 


•00355 


•00346 


•00337 


•00328 


72 


•00273 


•00264 


•00255 


•00246 


•00237 


73 


•00182 


•00173 


•00164 


•00155 


•00146 


74 


•00091 


•00082 


•00073 


•00064 


•00055 



• For Rule and Example how 
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TABLE IV. 
RESISTANCE AT DIFFERENT TEMPERATURES FAH.* 

FORDB & Co. 



•5 


•6 


•7 


•8 


•9 


Deg. 


003872 


03863 


003854 


003845 


0-03836 


32 


•03781 


•03772 


•03763 


•03754 


•03746 


33 


•03690 


•03681 


•03672 


•03663 


•03654 


34 


•03599 


•03590 


•03581 


•03572 


•03662 


36 


•03508 


•03499 


•03490 


-03480 


•03471 


36 


•03417 


•03408 


•03398 


•03389 


•03380 


37 


•03326 


•03316 


•03307 


•03298 


•03289 


38 


•03234 


•03225 


•03216 


•03207 


•03198 


39 


•03143 


•03134 


•03125 


•03116 


•03107 


40 


•03052 


•03043 


•03034 


•03025 


•03016 


41 


•0-2961 


•02952 


•02943 


•02934 


•02926 


42 


•02870 


•02861 


•02852 


•02843 


-02834 


43 


•02779 


•02770 


•0-2761 


•02752 


•02742 


44 


•02688 


•02679 


•02670 


•02660 


•02651 


45 


•02597 


■02588 


•02578 


•02569 


•02560 


46 


•02506 


•02496 


•02487 


•02478 


•02469 


47 


•02414 


•02405 


•02396 


•02387 


•02378 


48 


•02323 


•02314 


-02305 


•02296 


•02287 


49 


•02232 


•02223 


•02214 


•02205 


-02196 


50 


•02141 


•02132 


•02123 


-02114 


•02105 


61 


•02050 


•02041 


•02032 


•02023 


-02014 


62 


•01959 


•01950 


•01941 


•01932 


•01922 


63 


•01868 


•01859 


•01850 


•01840 


•01831 


64 


•01777 


•01768 


•01758 


•01749 


•01740 


56 


•01686 


•01676 


•01667 


•01658 


-01649 


56 


•01594 


•01585 


•01576 


•01567 


•01558 


57 


•01503 


•01494 


•01485 


•01476 


-01467 


68 


•01412 


•01403 


•01394 


•01385 


-01376 


59 


•01321 


•01312 


•01303 


•01294 


•01285 


60 


•01230 


•01221 


•01212 


•01203 


•01194 


61 


•01139 


•01130 


•01121 


•01112 


•01102 


62 


•01048 


•01039 


•01030 


•01020 


•01011 


63 


•00957 


•00948 


•00938 


•00929 


•00920 


64 


•00866 


•00856 


•00847 


•00838 


•00829 


66 


•00774 


•00766 


•00756 


•00747 


•00738 


66 


•00683 


•00674 


•00665 


•00666 


•00647 


67 


•00592 


•00583 


•00574 


•00666 


•00556 


68 


•00501 


•00492 


•00483 


•00474 


•00465 


69 


•00410 


•00401 


•00392 


■00383 


•00374 


70 


•00319 


•00310 


•00301 


•00292 


•00282 


71 


•00228 


•00219 


•00210 


•00200 


-00191 


72 


•00137 


•00128 


•00118 


•00109 


•00100 


73 


•00046 


•00036 


•00027 


•00018 


•00009 


74 



to vo TkblflB, see pk 881-14 
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TABLE V. 

Table of Biaketbbs, Lekoths per Pound, and Resistances 
OF FuBE CopPEB AND Gebman Silyeb Wibes (at 60'' Eah.) 

(Haa, Wire ManvftuAwrer, Ac) 



till 


Diameter. 


Namber of 
yards in 
Ipotmd. 


Weigbt in 
lbs. ofl mile 
a760 yards). 


BesiBtance 

of 1 mile of 

pore Copper 

at33«Fah. 


BesistaDce 
of 36 inches 
of Germui 
saver Wire 

ateO^'Fah. 
by Elliot 

Brothers. 


4i 


Inobes. 
•2302 


Milli- 
metres. 

5-847 


2-095 


840-09 


1-00 


•00846 


5 


•226 


5-740 


2-175 


809-20 


1-038 


•0088 


6i 


•198 


5 029 


2-834 


621-00 


1-352 


•01144 


7 


•183 


4-648 


3-317 


530-59 


1-583 


•0134 


7i 


•176 


4-445 


3-628 


48510 


1731 


•0146 


8J 


•160 


4064 


3-360 


404-60 


2-068 


•01752 


10 


•136 


3-454 


6-007 


292-99 


2-867 


•02^ 


lOi 


•128 


3-251 


6-781 


259-56 


3-237 


•0273 


12 


•107 


2-717 


9-705 


181-36 


4-623 


•0393 


124 


•10 


2-54 


11-11 


158-41 


5-300 


•045 


13 


•092 


2-336 


13-125 


134-40 


6-266 


•053 


14i 


•08 


2-032 


17-36 


101-39 


8-288 


•07 


15 


•07 


1-778 


22-67 


77-63 


10-82 


•091 


16 


•065 


1651 


26-29 


66-96 


12-25 


•104 


16i 


•0625 


1-587 


28-472 


61-81 


13-59 


•115 


••• 


•06 


1-521 


30-864 


5702 


14-73 


•125 


17 


•058 


1-473 


33-03 


53-29 


15-76 


•134 


••• 


•056 


1-422 


35*432 


49-67 


16-91 


•144 


••• 


•054 


1-371 


38 104 


46 19 


18-18 


•154 


••• 


•052 


1-32 


41-091 


42-83 


19-61 


•166 


18 


•06 


1-274 


44-444 


39-60 


21-21 


•180 


••• 


•048 


1-219 


48-225 


36-50 


2302 


•195 


18i 


•046 


1-168 


52-61 


33-52 


25 06 


•213 


• •• 


•044 


1-117 


57-39 


30-67 


27-39 


•232 


19 


•042 


1066 


62-98 


27-94 


3006 


•256 


••• 


•04 


1016 


69-444 


25-34 


33-14 


-281 


••• 


•038 


•966 


77-16 


22-81 


36-72 


•312 


20 j 


•036 


•914 


85-766 


20-52 


40-92 


348 


•034 


-864 


95-29 


18-47 


45-48 


•386 
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TABT.F. v.- 


-eonUmted 


• 




Birmingham 

Wire (Jauge 

(Approximate.) 

(Bee Table XVIII.) 


Diameter. 


Number of 
yards in 
1 pound. 


Weight in 
lbs. ofl mile 
a760yard&) 


BealHtance 

of 1 mile of 

pure (Copper 

at32«Fah. 


Beeistaace 
of 36 inches 
of €kerDUkn 
SilTBT wire 
aXW Fah. 
by FJliot 
BrotheriL 


21 


Inches. 
•032 


Milli. 

metrea. 

•813 


108-5 


16-22 


61-79 


•44 


21i 


•03 


•762 


123 46 


14-26 


58-93 


•5 


22 


•028 


•711 


141-72 


12-42 


67-65 


•674 


23i 


•026 


•660 


164-36 


10-71 


78-46 


•666 


• •• 


•024 


•609 


192-9 


9-12 


9208 


•782 


24 


•022 


•658 


22956 


7-61 


109-68 


•931 


25 


•02 


•608 


277-78 


633 


132-69 


1-12 


26 


•018 


•457 


342-94 


6-13 


163-69 


1-39 


27 


•016 


•406 


434-03 


4-05 


20717 


1-76 


28 


•014 


•355 


569-51 


3-09 


270-58 


2-3 


30 


•012 


•305 


771-60 


2-28 


368-30 


3-23 


31 


•01 


•254 


111111 


1-68 


530 -35 


4-6 


31i 


-0095 


•241 


1231-10 


1-43 


687-64 


4-994 


32 


•009 


•228 


1371-7 


1-28 


664-75 


6-565 


32i 


•0085 


•216 


1537-8 


1-14 


734-05 


6-239 


33 


•008 


•203 


1736-1 


1-01 


828-67 


7-04 


33i 


•0076 


•190 


1975-3 


0-8910 


942*84 


8 014 


34 


•007 


•177 


2267-6 


0-7761 


1082-4 


9-2 


344 


•0066 


•165 


2629-9 


0-6692 


1225-3 


10-41 


34i 


•006 


•152 


3086-4 


0-5702 


1473-1 


12-62 


• •• 


•0055 


•139 


3673-1 


0-4791 


1753-2 


14-992 


35 


•005 


•127 


4444.4 


0-3960 


2121-4 


18-032 


35i 


•0046 


•114 


5487-0 


0-3207 


2619-0 


22-261 


36 


•004 


•106 


6944-4 


0-2534 


3314-7 


28-175 


■•• 


•0035 


•088 


9070-3 


0-1945 


4329-4 


36*9 


••• 


•003 


•076 


12346-0 


0-1425 


6892-7 


60077 


••• 


•0025 


•063 


17777-0 


0099 


8485-6 


72-127 



To find the percentage 0/ oonductivUy in a acanple of wire, pure copper being 
tctken 08=100, 

Divide the resistance of 1 mile of pure copper wire of the same size 
(colnnm 6), by the actual resistance of 1 mUe of the wire tested (reduced to 
32° Fah. ), and multiply by 100. This table is used by Elliot Brothers. 
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(From *<The Electbiciak.") 
Valtie of Copper Condtictor at £85 per ton. 



Diam. 


Secticnutl 








Cost per 


BesiBtance 




6 


in 
inobM. 


area. 


Welgbt per mile. 


xnUeat£85 
per too. 


St »ti«'/o 








Tons. 


cwt 


IbB. 


£ & d. 


Ohms. 


100 


•7854 


7109 


• •• 


••• 


604 


•0575 


••• 


•707 


•3927 


3-554 


• •• 


••■ 


302 


•1150 


••• 


•500 


•1963 


1^787 


 •• 


••• 


151 


•230O 


• • • 


•354 


•0981 


••• 


17-8 


*•• 


75 10 


•4600 
at 987" 


•«■ 


•238 




••• 


•■• 


864 


38 


100 


4 


•220 




••• 


•■• 


775 


34 


116 


5 


•211 




•• • 


•■• 


705 


30 18 


1-26 


51 


•203 




• a* 


•«• 


660 


29 


1-36 


6 


•191 




• • • 


•■• 


580 


25 9 


1-54 


6} 


•180 




• • • 


••• 


515 


22 10 


1-73 


7 


•172 




• • • 


••• 


464 


20 8 


1-89 


7i 


•165 




• •• 


• •• 


430 


18 18 


206 


8 



No. 8 is the most convenient for stretching easily and making a neat job- 
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GUTTAPERCHA. 



1. The S|»ecUic Oraritf of guttapercha is between 0*9693 and 
0-981. 

2. One cubic foot weighs between 60-56 and 61*32 lbs.; 
therefore, one cubic inch weighs between 0*560 and 0*567 
ounces. 

3. Gnuapercha ■often* at 115° Fah., becomes plastic at 120% 
melts at 212°, and is fluid at about 266°. When exposed to 
the air, particularly at temperatures between 70 and 90° Fah., 
it oxidises, becomes brittle, shrinks, and cracks. 

This is very noticeable in guttapercha leads, used at telegraph 
offices in tropical climates. 

Exposure to light hastens oxidation. 

Oxidation and decay are hindered by serving guttapercha 
core with tape soaked in Stockholm tar ; but the natural acid of 
the tar mitst first be removed, otherwise the insulation will be 
reduced. Guttapercha leads encased in lead tubing remain 
perfect for years. No deterioration is observable in guttapercha 
if kept corUin/aally under water. 

4. Stretched Oattapercha, as used for core, resists a strain of 
1000 lbs. per square inch before permanent elongation takes 
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place, and breaks at about 3500 lbs. per square inch. Stretching 
increases the tenacity of guttapercha in the direction stretched. 

5. The weight of guttapercha per knot in any core is — jq| — , 

where D = diameter of guttapercha^ and d = diameter of copper, 
(both in mils.) 

6. The ezterler diameter of any guttapercha COre 



= ^70-4 M? + 491 W mils., 

where w is the weight in lbs. per knot of copper strand, and 
W that of the guttapercha. With a solid conductor the diameter 

= ^/55^l; + 491 W mils. 

7. The electro-static capacity per nautical mile of any gutta- 
percha core is approximately 

0-1877 . . , 

microfiarads. 



log D - log d 



8. The eiectro-atatic capacity of guttapercha core, as compared 
with indiarubber core of similar size, is as 120 to 100 nearly. 

9. The inMlaUoB-reristance per knot of a guttapercha core of 
the best quality = 769 (Log I) - log d) megohms at 75° Eah. 

10. The resistance of guttapercha tinder pressure increases in 
the following ratio* : — 

Let It be the resistance at atmospheric pressure, the resist- 
ance under the pressure p lbs. per square inch 

= R (1 + 0-00023 p). 

11. The resistance of guttapercha diminishes as the tempera- 
ture increases ; the rate of decrease is as follows* : — 

Let £* = resistance at the higher temperature ; 
r = resistance at the lower temperature ; 
t = the difference of temperature in degrees Fah., — ^then 

log of R = log r- « log 0-9399, 
and log of r = log R + « log 0-9399. 

Tables of resistance of guttapercha at different temperatures 
are given on the following page. (Table YI.) 

* When a Bubmarine cable is laid in deep water, the insulation is greatly 
improved owing to the pressare of the water and lower temperature (see 
Table XL). 
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TABLE YL — ^Thb bblatiye resistance (after 1 minute) of 

ORDINARY GUTTAPERCHA AT DIFFERENT TEMPERATURES, FOR 
ALL CORES IN WHICH THE THICKNESS OF GUTTAPERCHA DOES 

NOT EXCEED 0*11 INCH. — {W. Smith.) ^ 



Temperatnre. 


RalfttiTe 


Log 
Badstenoa 


Temperature. 


BelattTB 


Log 
Resistaaee. 






Reriat- 
aDce.t 






aiice.t 


Fah. 


CAnt 


Fah. 


Cent 


32 


00 


23-622 


•373317 


67 


19-4 


1-801 


•255514 


33 


0-5 


21-947 


•341375 


68 


20O 


1-673 


•223#96 


34 


11 


20*391 


•309430 


69 


20^6 


1-S56 


•191730 


35 


1-6 


18*945 


•277495 


70 


21^1 


1-444 


•159567 


36 


2-2 


17-602 


•245562 


71 


21-6 


1-342 


•127753 


37 


2-7 


16-354 


•213624 


72 


22-2 


1-247 


-095867 


38 


3-3 


15-195 


•181701 


73 


22-7 


1-158 


•063709 


39 


3-8 


14117 


•149742 


74 


23-3 


1-076 


^031812 


40 


4-4 


13116 


-117801 


75 


23-8 


1-000 


•000000 


41 


5 


12-186 


-085861 


76 


24-4 


•9418 


•973959 


42 


5-5 


11-322 


•053923 


77 


25-0 


-8870 


•947924 


43 


6 1 


10-52 


•022016 


78 


25-5 


•8354 


-921895 


44 


6-6 


9-774 


•990072 


79 


26-1 


•7867 


•895809 


45 


7-2 


9-081 


-958134 


80 


26-6 


•7410 


•869818 


46 


7-7 


8-437 


-926188 


81 


27-2 


•6978 


•843731 


47 


8-3 


7-839 


-894261 


82 


27-7 


•6572 


•817698 


48 


8-8 


7-283 


•862310 


83 


28-3 


•6190 


-791691 


49 


9-4 


6-767 


•830396 


84 


28-8 


•5829 


-765594 


50 


10 


6-287 


•798444 


85 


29-4 


•5490 


•739572 


51 


10-5 


5-841 


•766487 


86 


30-0 


•5171 


•713575 


52 


111 


5-427 


-734560 


87 


30-5 


•4870 


•687529 


53 


11-6 


5 042 


-702603 


88 


31-1 


•4586 


•661434 


54 


12^ 


4-685 


•670710 


89 


31-6 


•4319 


-635383 


55 


12-7 


4-353 


•638789 


90 


32-2 


•4068 


•609381 


56 


13-3 


4-044 


•606811 


91 


32-7 


•3831 


•583312 


57 


13-8 


3-757 


•574841 


9? 


33-3 


•3608 


•557267 


58 


14-4 


3-491 


•542950 


93 


33-8 


•3398 


•531223 


59 


150 


3-244 


•511081 


94 


34-4 


•3200 


•505150 


60 


15-5 


3-013 


•478999 


95 


35 


•3014 


•479143 


61 


161 


2-800 


•447158 


96 


35-5 


•2839 


•453165 


62 


16-6 


2-601 


•415140 


97 


36-1 


•2674 


•^©7161 


63 


17-2 


2-417 


•383277 


98 


36-6 


•2518 


•401056 


64 


17-7 


2-245 


•351216 


99 


37-2 


•2371 


•374932 


65 


18-3 


2-086 


•319314 


100 


37-7 


•2233 


•348889 


66 


18-8 


1-938 


•287354 











* From << Electrical Tables," Qark and Sabine. 
The above table is for new core, as guttapercha impiores greaiiy wilh age. 

+ For example : — ^The resistance at 32^ Fah. is 23^622 times greater than 
at 75° Fah. Therefore, in order to reduce the observed resistuice at any 
temperature to what it will be at 75** Fah., refer to the above table, and 
divide the observed resistance by the number in the relative resistance coluniii, 
found opposite the temperature of the G.P. at time of test. — A. J. 
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12. A plate of guttapercha, 1 square foot surface and 1 mil. 
thick, has a resistance = 1066 megohms at 75"^ Fah. ; and its 
electro-static capacity = *1 356 microfarads. 

13. The insulation resistance, in megohms, at 75^ Fah., of 
an ordinary guttapercha cable or condenser, multiplied by its 
electro-static capacity, in microfarads =^ 144*4. 

14. Katio of -3- for strand and solid conductors. 

d 

A solid tvire, covered with gvUcvpercha — 



?-v 



1 + 8-93 — . 
A strandy covered with guttapercha — 



5 = 1-06 yi-H6-97^. 



•Where D = diameter of core, and c? = diameter of wire or 
mean diameter of strand, both in mils. ; W = weight of gutta- 
percba, and to = weight of conductor, both in lbs. 



fu WILLOUGHBY SMITH'S IMPBOVED GUTTAPERCHA.t 

15. The apceiflc gmTitj of guttapercha prepared by Mr. 
Willoughby Smith's process is the same as that of ordinary 
guttapercha. 

16. Vhe BMchanicoi strength of this material is about 12 per 
cent, greater than that of ordinary guttapercha. 

17. The eiecivo-Maac capncitr (F) per knot of a core of Smith's 
guttapercha is approximately 

y^ 0-15163 microfarads. 

* For table to find resistance (after 1 minute) and capacity per knot of 
any ordinary guttapercha core from relative weights or diameter of 

t Also page 124« 
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TABLE VIL 
Relative besistavcb (afteb 1 minute) op Willoughby Smith's 

IMPBOVED OUTTAPEBCHA AT DIFFERENT TEMPEBATUBES, FOB ALL 
COBES IN WHICH THE THICKNESS OF GUTTAPEBCHA DOES NOT 
EXCEED 0-110 INCH. — {W. Smith)* 



Temperature. 


BelatiTe 


Log 
BeBlstance. 


Temperature. 


Belative 


Log 
Realgtanne. 






BesiBt- 
ance.t 






BesiBt- 
ance.t 


Fah. 


Cent 


Fab. 


Cent. 


32 


00 


27-913 


-445807 


67 


19-4 


1-858 


•269046 


33 


0-5 


25-834 


-412192 


68 


20-0 


1-719 


•235276 


34 


11 


23-91 


•378580 


69 


20-5 


1-591 


•201670 


35 


1-6 


22-128 


•344942 


70 


21 •I 


1-473 


-168203 


36 


2-2 


20-48 


•311330 


71 


21-6 


1-363 


•134496 


37 


2-7 


18-954 


•277701 


72 


22-2 


1-261 


•100715 


38 


3*3 


17 542 


•244079 


73 


22-7 


1-167 


-067071 


39 


3-8 


16 235 


•210452 


74 


23-3 


1080 


•033424 


40 


4*4 


15-025 


•176815 


75 


23-8 


1-000 


-000000 


41 


50 


13-906 


•143202 


76 


24-4 


•9375 


-971971 


42 


5-5 


12-87 


•109579 


77 


25-0 


•8789 


•943940 


43 


61 


11-911 


•075948 


78 


25-5 


•8240 


•915927 


44 


6*6 


11-024 


•042339 


79 


26^1 


•7725 


•887899 


45 


7-2 


10-203 


•008728 


80 


26^6 


•7242 


'859859 


46 


7-7 


9-442 


•975064 


81 


27-2 


•6789 


•831806 


47 


8-3 


8-739 


•941462 


82 


27-7 


•6365 


•803798 


48 


8-8 


8-088 


•907841 


83 


28-3 


•5967 


•775756 


49 


9 4 


7-485 


•874192 


84 


28-8 


•5594 


•747723 


50 


100 


6-928 


•840608 


85 


29-4 


•5245 


•719746 


51 


10-5 


6-412 


•806994 


86 


30 


•4917 


•691700 


52 


11-1 


5-934 


•773348 


87 


30-5 


-4609 


-663607 


53 


11-6 


5-492 


•739731 


88 


31 1 


-4321 


•635584 


54 


12-2 


5-083 


•706120 


89 


31-6 


•4051 


•607562 


55 


12-7 


4-704 


•672467 


90 


32-2 


•3798 


•579555 


56 


13-3 


4-354 


•638888 


91 


32-7 


•3561 


•551572 


57 


13-8 


4029 


•605197 


92 


33-3 


•3338 


•523486 


58 


14-4 


3-729 


•571592 


93 


33-8 


•3130 


-495544 


59 


150 


3-451 


-637945 


94 


34-4 


•2934 


•467460 


60 


15-5 


3194 


•504335 


95 


35-0 


•2751 


•439491 


61 


161 


2-956 


•470704 


96 


35-5 


•2579 


•411451 


62 


16-6 


2-736 


•437116 


97 


36^1 


•2417 


•383277 


63 


.17-2 


2-532 


•403464 


98 


36-6 


•2266 


•355260 


64 


17-7 


2-343 


•369772 


99 


37-2 


•2125 


•327359 


65 


18-3 


2169 


-336260 


100 


37-7 


•1992 


•299289 


66 


18*8 


2-007 


•302547 








 



* From "Electrical Tables," Clark and Sabine. 

+ The above table is for new core, as this core, like ordinary gattaperchsy 
improves greatly with age. See footnote, Table VI., p. 330, for plan of 
using the above table. — A. J. 
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18. The iBfliiiatioB-reaistaiice (R) per knot of Smitli's gutta- 
percha core at 75° Fah. ( = 24° Cent.) is approximately 

Ii = 350 log -— megohms 

after one minute's electrification. 

19. The resiatance after the first minute, of Smith's gutta- 
percha at 32° Fah., is about the same as that of ordinary gutta- 
percha. After a long application of the battery at this tem- 
perature the ratio falls to 72 : 100, about. 

20. The reiiistaiice after the first minute, of Smith's gutta- 
percha at 75° Fah., compared with that of ordinary gutta- 
percha, is as 67 to 100, or about 30 per cent, inferior. 

Standard Temperature for Dielectric Tests. 

21. It is usual in specifications for good core to specify that the 
conductor and dielectric shall have a certain resistance at 75° 
Fah., and all tests taken at other temperatures are reduced by 
tables to that temperature for comparison. It is also usual to 
specify that the core shall be kept for 24 hours at a constant 
temperature of 75° Fah. before being tested and passed for 
sheathing ; but it is evident that tests taken at this tempera- 
ture are not nearly so searching for small faults (owing to the 
absolute resistance being low) as they would be if taken at a 
lower temperature, say from 40° to 50°. Some well-known 
firms, therefore, make a point of taking final tests before passing 
core for sheathing at as low a temperature as practicable. 

c. EBONITR 

nard Good Quality.— Best para rubber 2 parts by weight. 

Sulphur 1 „ 

American Ebonite: — Kubber 12 „ 

Sulphur 8 „ 

Whiting 1 „ 

Wash 1 „ 

Curing moulds for ) Lead 2 „ 






above: — J Antimony 1 

CM»ft rnlcanised Indla-mbber :— Para rubber 7 *5 

Sulphur '75 

Lime "01 

Whiting 7-5 

French chalk 1-25 
Litharge 1 '5 

* For table to find resistance (after 1 minute) and capacity per knot of 
Willonghby Smith's guttapercha core from the relative weights or diameters 

of (^^^) ^»-8«® "Electrical Tables,'* Clark and Sabine, page 127. 
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334 BLSCTBIOAl BOLES, TABLSS, AKD fOBHCLS. 

§ TL— BATTERIES 

a. De LA. Hue's Cblokide of Silver Battkbt. 

TABLE OF DETAna. 

OO =Glaa Tend dowl by 
P W=Stopper of paraffin wax. 
Z =Ziiic or poBttiTe element, am- 
■utin^ of a cylindrical rod of 
chemically pnie zinc. 
6 =C3lkride of ailTer cylinder, oi 
■egatiTe element, •nmnuldeil 
1^ parchmoit paper to gn- 
lent contact with Z. 
• sTine tilver electrode cast into S, 
Jj Bliqnid Bolntion of chloride of 
I, (403) grains to 1 



Fig. 13. 

The chloride of silver, b^ng inHolnble, no porona diRphragm 
is required. The eleotro-motive force of thie cell is 1-030 volts. 
The intenuil reaiBtBiioe of the cell is 3 to 4 ohms. Mr. De la Bae 
has found that the internal resistance increases to 16 ohms after 
standing eighteen months, this increase being due to the gradual 
formation and adherence round the zinc of oxychloride of mc, 
bat that the cell can be restored immedtatelf to its normal state 
by scraping the zinc rod. The resistance does not increase by 
considerable use, 'which tends to keep the zinc clean. Mr. De 
la Kae has recently made standard cells, hermetically sealed. 
This retards the formation of oxychloride. 

About 15 minutes short circuit is required to bring out the 
full current of a newly charged battery. The battery should 
also be short circuited a few seconds, after having been at rest 
for some time, to ensure absolute constancy of electro-motive 
force. This battery is particularly adapted for work in which 
moderate and constant electro-motive force is required — e.g., 
for testing and signalling purposes on submarine cables and 
telegraph lines, and by far the best for use on board a cable ship. 
They occupy very little space, and are not injuriously affected by 
the rolling of the ship. They are made up in seta of 10 or 20; and 
100 cells only occupy a space of 3 ft. 6 in. x 2 ft. x 6 in. 

(. Faurt'i Sitandars, or Sluraft, Bailtm (seeTslile VUL).— A single F«irecslICDDilitao( 

boaad orrolled up UgeUieT, uidimmereed in ft trfrngb containing dilate iniphnriDuilii Tt» 
foUowiiu cbemlal leaothm ulM plK« u ioM plateg between the mlnlnm and lalptmrie 
aold,l4P&*the^ipl'™>l'>iio[ imj charging cnrrenl. Pt>Oi+!H»S0i— PK)i+S»SO< 



ELECTBO-UOTITE FORCES OF TABIOUB CELLS. 
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-f 2 Hs O. The Fanre cell la now charged with a current (from a separate battery or dvnamo), 
with an E.M.F. noi exceeding 3 toIib, when more peroxide of lead, P60s, is formed at the 
positiye lead plate, as well as sulphuric acid; thus P6S04+HsO+0=<P&03+H2SO 4 
At the negative plate the P608 and 2 Pb SO 4 are both reduced to spongy or porous metallic 
lead, with formation of sulphuric acid and water. Consequently, sulphuric acid is generated 
during charging at both plates, so that the strength of the solution is fully kept up. When the 
minium has been fully converted by a number of successive charges and discharges, we have, 
OB again charging the cell, a layer of peroxide of lead adhering to one lead sheet, forming a 
-{-plate, and a layer of spongy lead adhering to the other, forming a - plate, with a difFerence 
of potential between them = 2 to 2-2 volts. The resistance between the plates being very 
small, a strong enrrent is produced on joining them through a small external resistance, and 
80 per cent, of the energy of the last charge can be obtained in the discharge with newly- 
formed cells, but with continued use and age the percentage return decreases. 



TABLE Vni.— ELECTRO-MOTIVE FORCES OF VARIOUS CELLS. 

From Gordon and other sources. 





4- Plate. 


ParooB cell 


1 

-Plate. 


Volts. 
1-079 


Danlell 


Zincamalg. 


Sulphuric acid, 7k 


Saturated solution 


Copper 






tol 


of copper sulphate 






f% 


« 


22tol 


ff 


!• 


0-978 


n 


»• 


11 


Nitrate of copper 
saturated 


It 


1-000 


n 


tt 


„ 


Sulphate of copper 


tl 


0-909 


ft 


It 


Sulphate of zbic 


11 i< 










saturated solution 


Saturated solution 


_ tt 


1-08 


Grove 


ft 


Sulphuric add, 7} 

tol 
Salt water 


Nitric add (f umimcl 


Platinmn 


1-956 


n 


11 


Nitric acid, sp. gr. 
1-33 

11 


It 


1-904 


n 


M 


Sulphuric add, 22 


11 


1-810 






tol 








«« 


« 


Sulphate of dno 


II 


— ." 


1-672 


Bnnsen 


". 


Dilute Bolphuric 
acid 


Nitric add 


Carbon 


1734 


Gallan 


m 


It 


1* 


Cast iron 


1-700 


Poggendorf 


II 


♦» 


Chrome mixture 


Carbon 


(1-796 

12028 

1-624 


Mari^ Davy 


« 


Sulphnrie add, 82 


Paste of sulphate 


It 






tol 


of mercury 






»t 


It 


Dilute sulphuric 

acid 
Solution of sal 


11 


II 


1-33 


Leclanch^ 


tt 


Binoxide of man- 


tt 


1^ 






ammoniac ganese 






DelaBue (p. 334} 
Becquerel 


Zinc 


Chloride of Ammonium 


Silver(AgOi) 


1-030 


Zincamalg. 


Sulphate of zino , Sulphate of lead 


Lead 


055 


Niaudet 


»» 


Common salt 


Chloride of lime 


Carbon 


165 


Duchesnin 


It • 


ti 


Perchloride of Iron 


Lead 


1-641 


n 


Platinum 


Dilute sulphuric 
add 


Dilute sulphuric 
acid 


Platinum 


179 


Plants 


Lead 


11 


II 


Lead 
(spongy) 


2- to 2-2 


Latimer Clark, 


Zinc amalg. 


Sulphate of zinc 


Paste of sulphate 


MercTU7 


1^7 


Standard cell 






of mercury 






Howeira man- 


Zincamalg. 


Ammonic sulphate, 


Sulphuric add, 1 


Carbon 4 


2-04 


ganese; inter- 




25 grammes 


acid to 6 parts 


manganese 




nal res. = 1 




crystallised salt to 


water 


dioxides- 




obm (Hookin.) 




1 litre water 




manganese 
sulphate 
Carbon 




Higgin'B cas- 
cade, internal 


Zinc in 
mercury 


Chromic add 


Sulphuric add 


1-9 


res — -170 












ohm& 












Bennetts Inter- 


Zino 


Potassium Hydrox- 


Damped with 
(KHO) and water 


Iron can 


18 


nal res. M 6 




ide (KHO), with 


with iron 




ohms. 




distilled water. 




borings. 




Faure's second- 


Lead plate 


DUute sulphuric 


Dilute sulphuric 


Lead plate 
coated 


2- to 2-2 


ary battery. 


coated 


acid. 


add. 




See p. 884 6 


withmin- 






vrith min- 




lum. 






ium. 
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Tie. U— PLATING 



(See Tallies XIL and XHL) 



Main Atlantio. 

For Deptha. 
COO to S500 fiiu. ISO to 1200 fina. 



Hud Cable. 
For Depths. 



Intermediate. 
ForDeptha. 
40 to ISO fin*. 
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Via. 14.— PLATINO-BRAZILEIEA OABLEA—eonHmud. 



INDUCTOR 

iUUTOR 



Liglit Shore End. 

For Sandy Bottom. 

Up to 60 fmB. 



Heavy Shore End. 

For Rocky Shore and Strong 

Cummta. 

Up to 25 fata. 
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§ VII —SUBMARINE CABLES, 
a. SPEGIFICAnON FOB FLATDTO-BBAZILEIRA CABLE, hads asd 

LAID BT MSSSBS. ISlSMKNS BROTHERS, ChARLTON, BETWEEN KlO DE 

Janeiro and Chuy, South America. Sir William Thomson and 
Professor Fleemino Jsnkin, Consultino Engineers. (See Fig. 14.) 

• 

Core. — The core to consist of 7 wires copper strand, covered with gutta- 
percha. The following are to be the weights of the core : — 

Copper. — 7 Wires md into a strand, weighing 107 lbs. per knot. 

Onttaperclui. — 3 coatings of gnttapeidia and Chatterton's compound 
=150 lbs. per knot. 

main Cable A» — This cable to consist of the following parts : — (1.) Core 
as above. (9.) A 0>od and sufficient serving of juts yam, wet and saturated 
with brine. (9.) Outer oovering to consist of 11 galvanised iron wires, of 
the quality specified below, and the diameter of each wire to be 0*143 
inch, or within 9*9- per cent, thereof; the whole to receive 3- coatings of 
Clark's Compound and 9 layers of jate yam between ; the whole weight of 
iron to be not less than 3#00 lbs. per knot. 

miala CaUe M, — The core, served as far as Cable A, to be covered with 
lO iron salvanised wires of quality as specified below, the diameter of each 
wire to be 0*19, or within 9 '5 per cent, thereof; the whole to receive 3 
coatings of Clark's Compound, with 9 layers of jute yam between the coat- 
ings, in alternate layers, the total weight to be not less than S160 lbs. per 
knot. 

Shore End C. — ^The Conductor and Insulator to be the same as for Cable 
A, with a sufficient serving of the same materials, covered with 19 galvanised 
iron wires, 0*938 inch diameter,* of the quality specified below, the total 
weight of iron per knot to be not less than 96 cwts. ; the whole to receive S 
coatings of Clark's Compound, with two layers of jute yarn between the 
coatings, in alternate lay. 

Shore Cable D. — This Shore End Cable shall consist of Cable A, with- 
out the outer servings of jute and Clark's Compound, but further served 
with a well-tarred jute yam, and sheathed with 19 strands of 3 wires each, 
of the quality specified below ; the total weight of these wires per knot to 
be not less than 975 cwts. — that is to say, of not less than 19 strand of 3 
wires, 0*930 inch diameter. Each intermediate cable to be finished off 
with suitable tapers, to be arranged to the satisfaction of the engineers of the 
Company. 

I. <|ualitr of materials. — The iron wire supplied for all the cables shall 
be of the quality known as best best annealed galvanised, and of a quality 
superior to the ordinary best best, and shall be submitted to such tests for 
strength and brittleness as may be agreed upon between the engineers and 
contractors.* 

A margin of 9*5 per cent, above and below contract weight will be allowed, 
provided the averaa;e weight be adhered to. No wire of brittle quality shall 
be put into the cables, and the engineers, or their asnstants, shall have power 
to reject any hanks which break frequently in the closing machine, or any 
of unsatisfactory quality. No weld shall be made in any wire within 19 
feet of any other weld of the same, or any other wire of the cable, except in 
the strands of shore end D.t 

• See TableXIF.,for Clark, Forde & Co.'b tests, for othor wire tests. 

t 0*113 inch wire was brazed by searflng the joints and hard solderins them. All other 
sizes were welded, but they could not be well done, owing to the deteriorating action which 
the galvanieting had upon the iron—ie., they could not be welded so as to bind into a semi- 
circle and back a^aiu, but it was found that the brazing, if carefully effected, and with a 
good pressure and flow of gas and wiud combined, made the better joint.— A. J. 
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Weight of bondle 
in lbs. 


Diamaterof Wire. 


No. of twists in 
6in. 


Bending and Unbending 
round a Spindle. 


162 

... 
280 
289 


0*143 inch. 
0-180 „ 
0-230 „ 
0-238 „ 


13 

10 

6 

5 


0*572 inch. 
0-720 .„ 
0-920 „ 
0-952 „ 



n. Gables A, B, G are to be cohered, after the wires are hiid on, with 3 
coatings of mineral pitch and silica, in the proportions of HO and 40 parts 
respectiyely, and with 9 servings of tarred jute yarn laid alternately, the 
first coatine of the compound TOin^ (laid) next the wire, then a serving of 
jute yam, the compound, then the jute yam, and lastly, compound. The 
compound to be applied hot, and the yam to be laid od inmiediately after 
its application. Such special precautions to be taken against injury to the 
core, in case of the machinery stopping, as the Company's engineers shall 
direct. The yam is to be everywhere covered with compound, and the out- 
side smooth and regular.* 

IIL The CoBdnciors to consist of a strand of 7 wires of annealed copper 
of the best quality and manufacture. The interstices in the strand to be 
completely filled with insulating compound. The mean resistance of the 
strand, weighing 107 lbs. per knot, to be not more than 13*15 ohms 
at 7Sk° Fah. No single knot of conductor to have a resistance exceeding 
the numbers given above by fi'S per cent. 

IV. The lBMilatl«B resistance of guttapercha core shall not be less, when 
tested at 79" Fah., than 300 megohms, 14 days after manufacture and 
after S8 minutes' electriiication. If the resistance of any portion of the gutta- 
percha at 75** Fah., at any period of the manufacture, fall below the above 
specified limit, the cable is to be rtjccted. 

y. The JTotais in the core are to be made by experienced workmen, and 
no joint at the cable works is, under any circumstances, to be made, except 
in the presence of one of the Company's inspectors, who will test and pass 
each joint separately from the rest of the cable. The contractors shall 
allow time for a thoroughly satisfactory test. 6 hoan after the joints have 
been made and kept immersed in water. 

VL The Serrtag shall consist of yam ax>plied wet and ■atnratcd with brine. 

YII. The Core shall be delivered in lengths of not less than 1 mile— it 
shall be immersed in water, of a temperature of 75° Fah. , for at least 34 
hours before the tests are made. The length of coil shall be given to the 
Company's engineers. A margin of 3*5 per cent, over the specified weight 
shall be allow^, but the mean weight of the core for the whole cable must 
at least equal that of the specified weight. All coils approved of by the 
Company's engineers shall be re-delivered for farther manufacture, and all 
coils rejected by the engineers shall be retained at the works for inspection 
till the close of the manufacture. All coils shall be numbered, labelled, and 
registered, and the engineers shall be kept cognisant of the position and 
portion of the cable into which each length of core is inserted. 

*Tbe Tele£;raph Constmction and Maintenance Company senerally apply an onter Berving 
of 2 of Johnson and Phillips's patent tapes, laid on spirally in opposite directions, and 3 
ooatingB of Clarlc's compomm, the first coating being cool and laid on next the wires.— A. J. 
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VIII. Special requirements for Compaiiy's engineers testing room 

IX. The core snail be coiled on drums, and shall be caremlly kept until 
serving is begun, the drums to be carefully protected by iron covers during 
the transit from the insulating to the sheathing factories — ^the served core to 
be kept in tanks under water, the water to be withdrawn from the tanks and 
replaced by fresh, so often as required hv the engineers. The tanks are to 
be roofed over. Correct indicators are to be attached to the closing machines, 
showing the exact amount of cable manufiEbctured, and the completed cable 
is to be marked at every lOO miles in the usual manner, and kept under 
water as far as possible, both in the factory and on board ship, until sub- 
meiged, &c., &c. 

Prevention against Teredoes. 

In order to prevent the core of sabmarine cables becoming pierced and damaged by 
teredoes or other marine borers, the Telegraph Constmction and Maintenance Company 
cover, where thoaght advisable, the gattapercha of their core with— Ist., a serving of strozig 
white canvas tape; 3nd, Mnntz metal (or brass taping); 8rd, canvas tape steeped in 
Btearine. The last tape coating prevents galvanic action between the brass taping and the 
iron sheathing. This nas been proved practically in the Eastern Extension and Kastem und 
South African Companies' csbles to be a perfect remedy. Teredoes do not attack india- 
rubber or Hopper's core injurioosly.— A. J. 

b. Cooling mixtnrtf for cable Joints (guttapercha), used on board 
cable ships in tropical climates : — Muriate of ammonia 5 parts, 
saltpetre 5 parts, water 16 parts ; immerse joint and stir mixture 
'well until joint cools. 

c. cirBppiing.— -Success in grappling for cables greatly depends upon 
slowly and steadily dragging the grapnel over the cable ground at 
right angles to the line of cable (1^ to 2 knots an hour being a 

good working speed), with just sufficient 
slack of grapnel rope, length and weight of 
chain, as well as weight of grapnel, to' pre- 
vent the latter from jumping, and thus 
missing ground. A compound steel-wire- 
manilla grapnel rope (4 by 4), capable of 
bearing a strain of 15 tons before breaking, 
joined up in 200 fathom lengths, and 15 
fathoms of g inch chain, with a 2J cwt. 
grapnel, forms agood combination for depths 
up to 800 fieithoms. For greater depths, a 
lighter compound steel-manilla rope, or one 
entirely of the best manilla, may be used 
with advantage.* On hard rocky bottom, 
much time, trouble, and breakage of 
grappling gear will be saved by using a 
Pig. 15. Cable Grapnel for grapnel with automatically self-relieving 
Kocky Bottom. prongs. One form is shown in fig. 15, 

where, on coming in contact with a rock, the longer, or searching 
prongs give way until the rock is passed, but upon hooking the 
cable it slips into a well-rounded fillet, formed by shorter prongs, 
and remains there until elevated to the surface.! 

* Except for, say, 200 fathoms next grapnel, where it might become chafed 
on bottom. 

t See "Cable Grappling," Jamieson, Jour. Soc. Telegraph Engineers^ vol. viii. 
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TABLE XL 

SUBMARINE CABLES.* 

(Recently Laid.) 

Abstbact Fobm, 
Showing general eondUion of Cable during 30 daye^ teste. 

By CLABKy FoBDE & Tatlob. 



Cable honse, 



} 



1. Length of cable, j''"^^^^*^^ 

2. Distaaoe over water, 

3* Peroenta^ of slack, ... ••• ••• ... •., 

A T\.,^\. ^t «»4.». J Mayifnum aonnding taken, 
4. Depth of water, j ^^ ^^^^») ^ 

6. FireBBixre at bottom per square inch, j i^™"*""*' 

6. Mean copper resistance tested at 76^ Fah. per ) 

knot (approz.)... ••• ••• ••• { 

( Total observed, 

7. Do. after laying, ] Do. corrected, 

(Per knot do., 

8. Mean temperatnre of cable calculated from. C. B., 

/ Istmin. calctdated 
1 Ist „ observed 
<6th „ 
i 10th „ 
V30th„ 

/ 1st min. calculated 
1 1st „ observed 



fl S 

Sr Total 

g ^ 

(Dielectric i^'S 



\ resistance,^ ^'g 



»9 
>9 



o I Per knot/ 5th 



M 



91 



a J 10th,, 

^^1 V30th„ 

la Electro-static capacity, j Jota^^^^ ... ^-^ 

11. Dielectric resistance per knot at 75° Fah. on ) 
first manufacture, 1st minute, ... { 

'After shipment, tested ) 
at mean temp. 51° > 
Fah., ... ... ) 



12. 



) to 76° Fahrenheit,) »t^mean temp. 71 



( 1st minute. 



After submersion, 
mean temp. 45*7° 
Jan., ..• ••• 



knots 

y 

Fms. 

»> 
lbs. 

f> 
ohms. 

>9 
>f 

»» 

Fah. 
Megs. 

99 
99 
99 
99 
91 
99 
99 
9» 

Mfds. 

99 

Megs. 



99 



99 



99 



1900 

1796-24 
6-3 
1296 
488 
3460 
1266 

4-93« 

8809 

8824 
4-644 
45-7° 
2-72 
2-46 
3*58 

3-9a 

4-71 
5168 
4674 
6802 . 
7410 
8947 
604 

0-318 

296t 
467 



476 
49(H- 



* All these four tables, IX., X., XL, XXL, are tests of the same cable. 
+ Improvement in dielectric resistance from time of manufacture to after 
submersion, 65*5 per centi 
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TABLE XII. 

& MECHANICAL DATA OP VARIOUS BECENT TELEGRAPH 

CABLES. 

* Manufactured amd Laid hy The Tdegraph Construction and 

Mamtenance Co., Limited. 

Eor Electrical Data^ aee p. 350. 



Cables. 



Flacentia & 
St. Pierre, 

St. Pierre &' 
Sydney, ... ^ 

Constantinople, 

England and 1 
Spain, ... J 



Vigo & lisbon, 



Ireland and ) 
Newfound- > 
land, ... ) 

Placentia & \ 
Sydney, ...J 

Sydney and\ 
Placentia, J 

Nenwerk & "I 
Heligoland, j 

Lisbon and\ 
Madeira,.../ 

Alexandria & \ 
Crete, ... J 



Date. 



1872 



99 



1873 



»» 



9» 



99 



>f 



99 



» 



99 



Length 
Lfl^ 



Knots. 



110- 



619 



247 



1876 



613 






Weight per Knot. 



Cop- 
per. 



Insa- 
lator. 

a.p. 



lbs. 
107 

99 
99 

99 
99 

120 

99 
99 
99 
99 

120 

99 
99 

400 

99 
99 
99 

99 

107 

99 

99 
99 
99 
99 

107 

99 

120 

99 
99 
99 

107 

99 
99 



lbs. 
140 

99 
99 
99 
99 

175 

99 
99 
99 

9» 

175 

99 

99 

400 

99 
99 
99 

99 

140 

99 
99 
99 
99 
99 

140 

99 

176 

99 
99 

99 

140 

99 
99 



Iron. 



Tons. 

2-344 
9*845 
2-344 
9-845 
1-193 
9-845 
5-369 
2-687 
1-900 
•645 
9-845 
2-687 
5-369 

17-460 

9*641 

3-350 

2-419 

•662 

17-460 
9-641 
3-350 

17^460 
9-641 
3-350 
9-514 
6-917 
9-450 
2-687 
1-900 
•636 
9-845 
5-917 
1038 



Jute. 



Tons. 

•153 
•519 
•153 
•519 
•107 
•519 
•350 
•093 
•187 
•095 
•519 
•093 
•350 

1-684 
•641 
•164 
090 
•147 

1^684 
•641 
•164 

1^684 
-641 
•164 
-666 
•325 
•750 
•094 
•187 
•137 
•519 
•325 
•075 



As- 
phalt. 
Ac, Ac 



Tons. 

i^iis 

1-H6 
•393 

1-505 
•750 
•476 
•412 
-826 

1-506 
•476 
•750 

1-989 
•498 
•688 

1-080 

1-989 
•498 

1-989 
•498 

1-371 
•691 

1-337 
•470 
•412 
•940 

1-145 
•691 
•337 



Com- 
plete. 



Tons. 

2-607 

11-619 
2^607 

11-619 
1-803 

12-000 
6-600 
3-382 
2*630 
1-697 

12-000 
3382 
6-600 

19*50 

12*628 
4 369 
3-454 
2-246 

19-264 

12381 
4-122 

19-264 

12-381 
4-122 

11-661 
7-043 

11-668 
3-382 
2^630 
1-845 

11-619 
7-043 
1-56 



"ReTnarlrs. 



Main. 
Shoreends. 
Main. 
Shoreenda. 

Shore. 
Intenned. 

99 
^99 

Main. 

Shore. 

Main. 

Intermed. 

Shore. 

Intermed. 

99 
99 

Main. 

Shore. 

Intermed. 

Main. 

Shore. 

Intermed. 

Main. 

Shore. 

Main. 

Shore. 

Intermed* 

99 

Main. 
Shore. 
Intermed* 
Main. 



All these tables were kindly furnished by W. Shnter, Esq., Manager of The 
Telegraph Constmction and Maintenance Co. 

•For Cables prior to 1872, Bee "Electrical Tables," Clark and Sabine, ppw 
256-269. ' ^^ 
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TABLE XU.'^imHnued. 
For Elaotiioal Data, see p. 3Sa 



Cablea. 



Crete k Zante, 

Zante audi 
Otranto, j 

Italy & Sicily, 

Jamaica & 
Porto Hico, 



!} 



Martini^ne& 1 
Dominica, j 

Madeira and ) 
St. Vincent, ) 



Kilia & Odeesa, 

St. Vincent & 
Pernam- 
buco, 

Ireland and ) 
Newfound- > 
land, ... ) 

Holland, ... 

Italy & Sar-\ 
dinia, ... j 

Yankalilla & \ 
Kingscote, / 

Australia & 
New Zea- 
land, 

Cook's \ 

Straits,N.Z. j 



Snez & Aden, 



Date 



1873 



1874 



1875 



99 



1876 



>> 



>> 



Lragth 



Knots. 



238 

187 

5 

647 

37 

1196 

349 

1644 

1837 

3 

118 

38 
1282 

45 
1443 



Weight per Knot. 



^ ,Inm- 
Cop- lator. 



per. 



Ibe. 

107 

I* 
i> 

99 

107 

99 

107 
107 

99 

107 

99 

99 

120 

99 

99 

99 

107 

99 

99 

255 

99 
99 

99 

400 

99 
99 

107 
107 
107 

99 

9» 

107 

99 
99 

99 

107 
107 

99 

120 

99 
99 

99 



G.P. 



lbs. 
140 

99 
99 

99 

140 

99 

99 

140 
140 

99 

99 

140 

99 
• 9 

175 

99 
99 

99 

140 

99 

99 

340 

99 
99 

99 

400 

99 

99 

140 
140 
140 

99 
99 

140 

99 
99 

166 
140 

99 

175 

99 
99 
99 



Iron. 



Tona 

9-845 
5*369 
1-918 
1*065 
9-845 
5-369 
1-065 
9-495 
9-495 
3 185 
1145 
9-495 

3 185 
1-145 
9*450 
2-687 
1-900 

•636 
5-325 
2-725 
1-038 
9-460 
1-900 
1-262 

-705 

17-460 

3-350 

•662 
2-278 

1145 

9-845 
5-325 
2-700 
9-845 
2-700 
1-060 
•635 
7-623 
8-412 

4 075 
9-951 
2-848 
1-867 
1156 



Jute. 



TODB. 

•5199 
•350 
•118 
•055 
•519 
•350 
•055 
•605 
•605 
•129 
•095 
•605 
•129 
•095 
•750 
•094 
•187 
•137 
•400 
•275 
•075 
•762 
•187 
•063 
•153 

1^684 
•164 
•147 
•203 

•095 

•650 
•400 
•095 
•660 
•095 
-080 
•200 
•514 
•587 
-287 
-838 
•101 
-116 
•101 



As- 
phalt, 



Com- 
plete. 



Tons. 

1^604 
•750 
•573 
•348 

1-504 
-750 
•348 

1-262 

1-262 
•406 
•297 

1-262 
•406 
•297 

1-337 
•470 
•412 
•940 

1-051 
•793 
•337 

1-337 
•412 

•387 
1084 

• •  

•498 

1080 

•387 

•297 

1-120 

1-051 
-635 

1-120 
•635 
•450 
•380 

1-136 
•635 
•400 

1-236 
•435 
•392 
•376 



 one. 

11-978 
6-579 
2-719 
1-678 

11-978 
6-579 
1-578 

ir472 

11-472 
3-830 
1^647 

11^472 
3-830 
1-647 

11^668 
3-382 
2-630 
1-846 
6 •886 
3-903 
1-560 

11-816 
2-766 
1-979 
2-209 

19600 
4-122 
2-246 
2-978 

1-647 

11-725 
6-886 
8-540 

11-725 
3-540 
1-700 
1-325 
9-618 
9-741 
4-872 

12156 
3-515 
2 5()6 
1-764 



Shore. 
Intenned. 

^99 

Main. 
Shore. 
Intermed. 
Main. 

Shore. 

Intermed. 

Main. 

Shore. 

Intermed. 

Main. 

Shore. 

Intermed. 

99 

Main. 

Shore. 

Intermed. 

Main. 

Shore. 

Intenned. 

99 

Main. 
Shore. 
Intermed. 
Main. 



Main. 

Shore. 

lotermed. 

Main. 

Shore. 

Intermed. 

99 

Main. 

3 cores. 

Shore. 

Main. 

Sh(Mre. 

Intermed. 

99 

Main. 
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TABLE XLL-^ontiwued. 
For Eledxioal Data, aee pp. 350, 351. 



OaUeaL 



Aden&Bom-l 
bay, ... J 



Penang and ) 
Kangoon* ( 



Date. 



MarseiUes & 
Bona, 



'.} 



Bona & Malta, 



Para & Mar 
anham, 



Mar-\ 



TorpedoCables, 

Alexandria & ) 
Cyprus, ... ) 

Penang and \ 
Mali^ca,... j 



Natal & Be 
lagoa, 



} 



Belagoa and\ 
Mozambique j 



Malacca and\ 
Singapore, / 

Germany & ) 
Norway, ... J 



Mozambique ) 
& Zanzibar, { 



1877 



9» 



»» 



19 



Length 
Laid. 



EJiots. 



Weight per Knot. 



Cop- 
I)er. 



1878 



it 



99 



1879 



>> 



99 



99 



99 



9» 



1888' 

853 
463 

382 

309 

289 

327 
274 { 

344 



966-1 



116 



251 



631 S 



IbB. 

180 

>> 

9> 
>) 

107 

99 
99 

107 

•99 

•99 

1j07 

99 
99 
59 

107 

99 

9» 

98 

99 
99 

107 

99 

»9 

107 

9» 

107 

■99 
99 

»9 

99 

107 

99 
99 
99 
19 

9f 

107 

91 

liOO 

^99 

107 

»9 
99 

99 
99 



Insu- 
lator. 
GJP. 



lbs. 
240 

99 

y9 

99 

▼9 

140 

99 

99 

140 

99 
99 

140 

99 
99 

99 

140 

99 
99 

116 

99 
99 

140 

99 
99 

140 

99 

140 

•99 
»9 
•99 

T9 

140 

99 
99 
•99 
»9 

99 

140 

91 

125 

99 

99 

140 

99 
99 
99 

99 



Lron. 



Tons. 

11-399 
9-813 
5-389 
2-827 
•026 
9-800 
2-850 
1060 
9-800 
2-900 
1-062 
9-800 
5-337 
2-900 
1-062 
8-412 
4-075 
2-900 
•718 
1-117 
•856 
9-800 
2-900 
1-062 

10-350 
2*803 

13-647 

10-350 

5-230 

2-803 

•850 

10-350 

5-230 

2-803 

•862 

•850 

•625 

10-350 
2-803 

16-524 
4-135 
2-375 

10-350 

5-230 

2-803 

•850 

•625 



Jnta. 



Tons. 

•694 
•414 
•281 
•111 
•201 
-450 
-125 
•093 
•650 
•244 
•144 
•650 
•550 
•244 
•144 
•587 
•287 
•125 
•064 
•150 
•056 
•650 
-244 
•144 
•675 
•225 
•575 
•675 
•400 
•225 
•050 
•675 
•400 
•225 
•075 
•050 
-187 
•675 
-225 
-487 
-260 
•150 
-675 
-400 
•225 
•050 
•187 



As- 
phalt, 



Tons. 

•571 

1-552 
•687 
•576 
-254 

1-650 
•484 
-291 

1-120 
•440 
•297 

1^120 
•475 
•440 
•297 
•635 
•400 
•237 
•447 
-682 
•285 

1-120 
•440 
•297 

1026 
•554 

1-026 
-781 
-554 
-362 

1-026 
-781 
•557 
-337 
-362 
•517 

1-026 
•554 

1-225 
•430 
-406 

1-026 
•781 
•554 
•362 
-517 



Com- 
plete. 



Tons. 

12-850 

11^960 
6-544 
3-702 
1-268 

12010 
3-569 
1-554 

11-680 
3-692 
1-613 

11-680 
6-472 
3-692 
1-613 
9-741 
4-872 
3-372 
1-324 
2-340 
1-292 

11-680 
3-692 
1-613 

12161 
3-692 

15-652 

12161 
6-521 
3-692 
1-372 

12-161 
6-521 
3-692 
1-387 
1-372 
1-442 

12-161 
3-692 

18-536 
5126 
3-162 

12a61 
6-521 
3-692 
1-372 
1-442 



Bemarka. 



Shore. 



»9 

Intermed. 

,99 

Main. 

Shore. 

Intermed. 

Main. 

Shore. 

Intermed. 

Main. 

Shore. 

Intermed. 

19 

Main. 
Shore. 
Intermed. 
Main. 

4 cores. 

Shore. 

Intermed. 

Main. 

Shore. 

Main. 

Shore. 

99 

Intermed. 
Main. 

99 

Shore. 
Intermed. 

^99 

Main. 

99 
19 

Shore. 
Main. 
Shore. 
Main. 

>» 
Shore. 

Intermed. 

19 

Main. 

99 
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TABLE XII.— Continued. 
For Electrical Data, lee p. 351. 



Cibla& 



Singapore ft ) 
Java, ... { 



Aden & Zan- 
zibar, ... 



Java & Ana- ) 
tralia, ... $ 

Wanganni ft ) 
Wakapuaka, ( 

Hong Kong) 
and Luzon, ) 



Placentia ft ) 
St. Pierre, J 

Ireland and 
Newfound- 
land, 

England and ) 
llorway, ... J 

Norway and\ 
Sweden, J 

St. Pierre 
Sydney, 

Singapore ft \ 
Batavia, ... / 

Trieste and \ 
Corfu, ... j 



e ft\ 
I ••• J 



Valentia, 
Greitseil 



itia, 1 
itseil, j 



Data 



1879 



ft 



1880 



tt 



tt 



tt 



tt 



tt 



t9 



tt 



1881 



tt 



1882 



LtSd. 



Knoti. 



919 



1908 



528^ 



423 



94 



841 



Weight per Knot 



Cop- 
per. 



Insu- 
lator. 
G.P. 



n». 

107 

tt 

tt 

>» 
250 

ft 
ft 
tt 

it 

107 

tt 

»» 
107 

»» 
107 



>» . 
180 

>> 
107 

ft 

f) 

107 

130 

tt 

ft 

>* 
130 

If 
tt 



Ibe. 
140 

f> 

tf 

tt 

250 

t> 
tt 
tt 
tt 
140 

*) 

>> 

140 

«> 
140 



ft 


tt 


tt 


It 


tt 


It 


tt 

107 


tt 
140 


>f 


j» 


ft 


)> 


300 


300 


tt 


ft 


180 


200 


tt 


tf 


tt 


tt 


tt 


It 



200 

tt 
140 

ft 
140 

9* 

130 

ft 
tt 

130 

tt 
>» 



XrooL 



Tone. 

10-3501 
5-230 
2-803 
1-772 

10*350 

5-230 

3-360 

•625 

1-112 

10-350 

2-803 

-850 

11-402 
2-847 

10-350 

5-230 

2-803 

•880 

•710 

14-770 
7-700 
4-65(» 

•860 
•720 

11^585 
7-780 
3-450 
2-400 

14-100 
2-400 
7^780 

14-770 
7-700 
4-650 

10-350 
2-803 

10-000 
5-340 
2-900 
1110 

11-900 
5-600 
2-78 



Jnteu 



Tona 

•675 
•400 
•225 
•115 
-675 
•400 
-145 
•187 
•200 
•675 
•225 
•050 
•518 
•145 
•675 
•400 
•225 
•070 
-212 
625 
600 
200 

115 
115 

•260 
405 
225 
137 
260 
137 
405 
625 
600 
•200 
675 
•225 
600 
400 
150 
057 
550 
350 
125 



phftit, 
*e.,te. 



Tons. 

1-026 
•781 
•554 
•500 

1026 
•781 
•616 
•517 
•367 

1-026 
•554 
•362 

• •• 

•616 
1-026 
•781 
•554 
•451 
•518 

• • • 

•860 
•575 

•725 
-705 

1045 

1-000 
•662 
•570 

1^085 
-570 

1-000 
... 
•850 
•575 

1-026 
•554 

1-015 
•727 
•587 
•371 
•400 
•633 
•499 



Com- 
pleta. 



Tone. 

12161 
6-521 
3-692 

2-497 

12-274 
6-634 
4-344 
1-442 
1-902 

12161 
3-692 
1-372 

12-030 
3-718 

12-161 
6-521 
3-692 
1-511 
1-550 

15-725 
9-480 
5-755 

1-967 

1-807 

13-100 
9-355 
4-507 
3-277 

15-615 
3-277 
9-355 

15-725 
9-480 
5-755 

12161 
3-692 

11-731 
6-583 
3-753 
1-654 

12-966 
6-729 
3-520 



Shore. 
Intenned. 

«> 

Shore. 
Intexmed. 

II 
Main. 

Tf 

Shore. 

Intenned. 

Main. 

Shore. 

Main. 

Shore. 

Intermed. 

99 

Main. 

»f 
3 core. 

99 
99 

Main. 
99 

Shore. 
Intenned. 

.99 
Main. 

Main. 
Intermed. 
3 core. 

99 

99 
Shore. 

Main. 

Shore. 

Intermed. 

99 
Main. 

Shore. 

Intermed. 

Main. 



 W. Clifford, Chief Engineer. 
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ELECTBICAL BULBS, TABLES, AXD FOBMULiE. 



TABLE XIV. 
g. ELECTRICAL DATA OP VABIO US RECENT TELEGRAPH CABLES 

* Manufactured and laid bp The Tdegraph Construction €md Jfainteuanee Company^ Limited. 



Gablfl. 

OBTor meeluDlcal data sea 
pp. 84fi, M6.) 


Date. 


1 


Etectiioal yalaes at 2i^ Cent 




Condnotor. 


Dielectric (^.P.) 




Is 

-So 


V 




o 

O fl - 

111 

o 


^ 
1 


Placentia and St Pierre, 
St. Pierre and Sydney, . 
Constantinople 
England and Spain, 
Vigo and Tiinbon . 
Ireland and Newfonndland^ 
Placentia and Sydney, . 
Sydney and Placentia, . 
Neuwerk and Heligoland, 
Lisbon and Madeira, 
Alexandria and Crete, . 
Crete and Zante, . 
Zante and Otranto, 
Italy and Sicily, . 
Jamaica and Porto Rico, 
Martinique and Dominica, 
Madeira and St. Vincent, 
Kilia and Odessa, . 
St, Vincent & Pemambuco, 
Ireland and Newfoundland, 
Holland, 

Italy and Sardinia, 
Yaukalilla and Eingscote, 
Australia and New Zealand, 
Cook's Straits, N.Z., 
Suez and Aden, 
Aden and Bombay, 


1872 

1873 
>> 
»» 
>> 

99 
9f 
99 
9> 

1874 

1875 

»» 
1876 

>> 

1877 


110) 
182 i 

5 

6191 

247-* 

1876 

314) 

280 

31 

613 

359 

238 

187 

5 

647) 

37 S 

1196 

349 

1844 

1837 

3 

118 

38 

1282 

45 

1443 

1888 


11-930 

• ■a 

10-528 

3-167 

12 070 

11-879 
10-567 
11-780 
11-668 
11-553 

• • • 

11-535 

10-436 

11-722 

4-836 

3-135 

• •  

12-024 
11-641 
11-708 
11-851 
10-180 
6-800 


93-4 

••• 

94-4 

941 

92-3 

93-8 
94-0 
94-6 
95-5 
96-4 

••• 

96-7 

95-2 
95-1 

96-7 
95-1 

• • • 

92-7 
95-8 
95-2 
94-0 
97-6 
97-4 


378 

321 

254 

451 

262 
296 
335 
258 
256 

• • • 

274 

285 
278 
312 
282 
... 
373 
228 
273 
417 
333 
344 


-303 

• •• 

-296 

-353 

•317 

-312 
:297 
-307 
•309 
-305 

••• 

•306 

•297 
•303 
•302 
•332 

• •• 

-296 
-300 
•300 
•307 
•301 
-314 





Note.— These tables were kindly furnished by William Shuter, Esq., 
''eleirraph Construction and Maintenance Company. 
* For cables prior to 1872, see "Electrical Tables," Clark and Sabine, pp. 



Manager of The 
252, 258. 
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TABLE XIY.— Continued. 



Cable. 




1 


Electrical values at 2i^ i 


L^ent 


Conductor. 


Dieleotrio (Q.P.) 


• 


2 


• 


1 ^ 


(For mechanical data wt 
pp. 317, 348.) 


Date. 


3 

1 


Besistance 
per knot, ohms 


Specific 
cooductiYity, pa: 
copper = 100. 


Besistance per 
knot, megohma 


Electro-etatio 
capacity per knc 
Microfarads. 


Penang and HaDgoon, . 


1877 


853 


11^561 


96-4 


341 


•308 


Marseilles and Bona, 


>t 


463 


11-738 


94-9 


590 


-315 


Bona and Malta, . 


i> 


382 


11-644 


95-7 


618 


•302 


Para and Maranham, 


1878 


309 


11-739 


94-9 


493 


•301 


Torpedo Cables, • 


)> 


289 


12-609 


96-5 


339 


•309 


Alexandria and Cyprus, 


tf 


327 


11-740 


94-9 


382 


-281 


Penang and Malacca, . 


1879 


274 


11-610 


96-0 


442 


•282 


Natal and Delagoa Bay, 


»» 


344 


11-586 


96-2 


461 


-282 


Delagoa and Mozambique, 


tt 


966 


11-693 


95-3 


438 


•284 


Malacca and Singapore, . 


It 


116 


11-643 


96-0 


425 


•286 


Germany and Norway, 
3 Conductors, . 


»} 


251 1 


1, 12-499 

2, 12-477 


95-4 
95-6 


357 
342 


•286 

•286 






( 


3, 12-487 


95-5 


351 


•285 


Mozambique and Zanzibar, 


it 


631 


11-634 


95-8 


391 


•282 


Singapore and Java, 


»l 


919 


11-576 


96-3 


378 


•282 


Aden and Zanzibar, 


>» 


1908 


4-935 


96-7 


296 


•314 


Java and Australia, 


1880 


1131 


11-644 


95-7 


345 


•282 


Wanganui and Wakapuaka 


»> 


108 


11-378 


97-9 


409 


•281 


Hong Kong and Luzon, . 


99 


528 


11-453 


97-3 


456 


-280 


Placentia and St. Pierre, 
3 Conductors, . 


tf 


109 j 


1, 11-442 

2, 11-414 


97-4 
97-6 


517 
494 


•282 

•282 








3, 11-446 


97-4 


502 


•282 


Ireland and Newfoundland, 


»> 


1423 


4-161 


95-5 


478 


•315 


England and Norway, . 


>> 


423 


6-864 


96-5 


500 


•303 


Norway and Sweden . 


>> 


94 


6,733 


98-4 


440 


•303 


St. Pierre and Sydney, 
3 Conductors, . 


>> 


185) 


1, 11-414 

2, 11-387 


97-6 
97 9 


651 
600 


•282 
•282 






( 


3, 11-422 


97-6 


613 


•282 


Singapore and Batavia, . 


1881 


537 


11-297 


98-7 


709 


•316 


Trieste and Corfu, 


>i 


550 


9-155 


100-0 


658 


•352 


Valentia and Greitseil, . 


1882 


841 


9-098 


100-0 


567 


-354 



Willoughby Smith, Electrlclan-In-Chief. 
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STRESS WHEN LAYING AND SPEED WHEN WORKING CABLES. 353 



h. Formula for ascertaining the Stress when laying a Sub* 
MARINE Cable, using ordinary Dynamometer. 







Fig. 16. 

S = stress on cable, in cwts. (to be found.) 
W = weigbt of dynamometer pulley, crosshead, &c., in cwts. 
^ = horizontal length between centre of dynamometer and 

where cable touches after guide sheave (in inches). 
d = deflection of dynamometer pointer from horizontal line (Q, 
(in inches). 

By parallelogram of forces S = — "^ (cwts.) 

' * VrS2-W2 ("^cl^es)- 

Since the stresses and deflections of dynamometer are in inverse 
ratio to one another, and W and I are constant, it is only 
necessary to work out one example for d; plot it off on the 
dynamometer scale, and mark the others in the inverse ratio, — 
i.e.y for double the stress half the deflection. 

i. Average Working Speed through Long Submarine Cables, with Sir 
Wm. Thomson's Siphon Kecorder and Mirror Galvanometer. 



g_^^2 logDj-log^^^ ^Q.^ ,^ log ^/70'4 1^; + 491 W - log n/704 w 

(See p. 321, Art. 5, and p. 329, Art. 6.) 



W= weight of dielectric in lbs. 

rT knot, 
conductor in lbs. 
per knot. 
I a length of cable in knots. 



Where S = speed in letters per minute. 
D =s diameter of dielectric in mils. 

(•001 inch). 
d s diameter of conductor in mils. 
(•001 inch). 
c=2k constant determined bv experiment =28000^ from a number of ex- 
periments on cables with Willoughby Smith's improved guttapercha, and 
with SOo/** purity of copper conductor. 

E. g. Using the data for the Ireland-Newfoundland cable, given at p. 346 
Table XII., we get Ss 105 letters per minute. 

The constant (c) for ordinary guttapercha, or any other form of dielectric, 
will be in the inverse ratio of its electro-static capacity per knot to that of 
W. Smith's (see pp. 329, 331). 

If R = the total resistance of the cable conductor in ohms, as measured after 
submersion, and K^the total capacity in microfarads. 

2 A 
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Then S = j%,j^ (in letters per mimite). 

Where c^ sa constant determined by experiment =36 x 10^, from a number 
of ezperimentB wiih W. Smith's core, with 95 J"* pnrity of conductor. Testing 
the aDove-mentioned Ireland-Kewfouidland caole (see p. 350, Table XIY.)* 
by this formnla S= 106 letters per minnte. 

Limit of Speed, — Automatic senders have not proved as yet very snccessfiil 
on cables, and as the average working limit of speed of a good telegraphist is 
135 letters per minute with the Siphon Recorder, a submarine cable need not 
be designed, according to the above formula, to exceed this in carrying capacity. 

Duplex increases tae total carrying capacity by about 90 J% and manual 
translation on two sections along with duplex by about 150 J% but manual 
translation on three sections is not succesoEul. 

Words per Minute. — In estimating the speed of signalling in words per 
minute, the number of letters to the word should always be stated to prevent 
ambiguity. Hitherto it has been usual to take the length of a word as 5 
letters, but from the mean of a large number of telegraph messages, it has 
been found that 7 letters go to the word. 

The Speed with Mirror Galvanometer, if worked by very first-class mirror 
clerks, is slightly greater than that with the Siphon Kecorder, but the average 
is about the same. Preference is now universally given to the recorder, on 
account of its many advantages — such as permanent record of signals, fewer 
and less skilled clerks required, and it is much less trying to the eyes of the 
operator than the mirror system. 

The Morse Recorder , when worked with cables, has a speed of about ^-^ that 
of the Siphon Recorder. It can, therefore, be used only with short cables of, 
say, under 400 knots (with «7=107 lbs. and W=140), but if worked in con- 
nection with the Brown- Allan relay, the speed is increased, and it may be 
advantageously used with longer cables. See '* Working of the Brown- Allan 
K«l*yf" hy Mance, Journal ^the Society of Telegraph Engineers, Vol XL, 
No. 42. 

§ YIII.— AERIAL lAND LINES. 

a. Insulator for Telegraph Lines, Messrs. Johnson <fe Phillips 

These insulators are designed to prevent surface leakage. 

An insulating fluid (S), which will not sup- jfm^ 

port a film of dust or moisture, is placed in ftSri^B 

a recess formed in the porcelain, and well jK^B^Sik 
protected from the weather. J^^^SS^k 

In this way a fluid surface is interposed ^^^^m^mSfm^ 
between "line" and "earth/' which is ^^^^B^H^p^ 
always clean, dry, and highly insulating in ^|HHHB^^^ 
the dampest weather. B 

An insulation many hundred times higher ^^h 

than that given by the ordinary forms of jjfk 

insulators now in general use is thus ob- j.. yj 

tained. The employment of these insulators 
on coast lines, where the porcelain quickly becomes coated with 
a conducting fllm of salt, is found very beneficial. 
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TABLE XVL- 


-IRON WIRE FOR LAND LINES.* 


Birmingham 
Wire Gauge. 


Diameter. 


Area of 
Section. 


Weight 
of 100 
yards. 


Weight 

of 
Imile. 


Length 
Icwt. 


Breaking 
Strain. 


Hard 
Wire. 


Soft 
Wire. 


00 


Inches. 
0-363 


Mini- 
metres. 
9-21 


Sq. in. 
0*103 


Lbs. 
102-00 


Lbs. 
1794 


Yards. 
110 


Lbs. 
8600 


Lbs. 
6000 





0-331 


8*40 


0-086 


84*72 


1490 


132 


7100 


4760 


1 


0-300 


7-61 


0-071 


68*75 


1210 


162 


6000 


4000 


2 


0-280 


7*11 


062 


59-90 


1054 


187 


4850 


3400 


3 


0*260 


6*60 


0-053 


51*65 


909 


215 


4000 


2900 


4 


0*240 


610 


0*045 


44*00 


775 


255 


3400 


2500 


5 


0-220 


5*59 


038 


37*00 


651 


303 


2950 


2200 


6 


0-200 


5*08 


0-031 


30*56 


538 


361. 


2500 


1800 


7 


0186 


4*69 


0-0265 


26*15 


461 


428 


2200 


1520 


8 


0-170 


4-31 


0*023 


22*10 


389 


509 


1750 


1200 


9 


0155 


3*93 


0*0195 


18*36 


323 


609 


1500 


950 


10 


0140 


3-55 


0*016 


14-97 


264 


747 


1200 


820 


11 


0-125 


3-17 


0*0125 


11*95 


211 


939 


820 


650 


12 


0110 


2*79 


010 


9-24 


163 


1244 


710 


510 


13 


0*095 


2*41 


0*0071 


7*05 


124 


1589 


640 


400 


14 


0-085 


2 15 


0-0057 


6*51 


97 


2031 


510 


350 


15 


0075 


1*92 


0-0044 


4*29 


76 


2608 


410 


300 


16 


0-065 


1-65 


00033 


3-22 


57 


3473 


350 


200 


17 


0-057 


1*44 


0*0026 


2*48 


44 


4515 


280 


150 


18 


0-050 


1*27 


00020 


1-91 


34 


5600 


200 


115 


19 


0-045 


114 


00016 


155 


27 


7246 


150 


85 


20 


0-040 


1*01 


0*0013 


1*22 


21 


9168 


110 


65 


21 


0-035 


0*88 


0*0010 


0*94 


17 


11980 


85 


50 


22 


0-030 


0-76 


0*0007 


0*69 


12 


16300 


65 


40 



The above table has been supplied by Messrs. Johnson and Nephew, of 
Manchester; the %oft wire is that manufactured by them expressly for 
telegraphic purposes. 

Birmingham Wire Gauge. — The diameters of the several gauges must be 
Oonsidered approximate only. There is no authorised standard, and the sizes 
of different makers vary considerably. (See Table XVIII. , p. 358, for B. W.Q. ) 

* From ** Practical Telegraphy," by CuUey. 
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b. Dip and Span Tables for Telegraph Wires. 
By E. Von Fischer-Treuenfeld. 







Fig. 18. 




A telegraph wire suspended between two supports of equal 
height forms a curved line, "the catenary," depending upon tho. 
following conditions : — 

S = span, or direct distance between the two supports. 
Z= actual length of wire between the two supports. 
d — dip of wire. 
W = weight of one foot of wire. 
h = tension of wire at the lowest point of the curve. 

The mathematical deduction of these unknown quantities is 
to be found in many text-books of telegraphy, and the following 
equations only relate to the practical calculation of dip and 
span, viz. : — 



(1.) d^ 



W. S2 



8.6 



(2.) Z = S + 



%.d^ 
3.S 



(3.) ^=y/3^-S) 



The preceding table is so arranged that the dip required for 
any span between 200 and 2000 feet can be read off without 
calculation. A change of temperature causes either an increase 
or decrease in the length if) of the wire, the dip (c?), and the 
tension (6). The table gives the necessary allowance which must 
be made for any decrease of temperature after the day of the 
erection of any given span. The wire must be erected under the 
following condition, viz., — that after it has contracted to its 
minimum of length, under the action of the lowest temperature 
of the coldest winter day, the limit of tension (6), which repre- 
sents a certain fraction of the breaking strain, must not be. 
exceeded. 

This fraction is generally one- third the actual breaking strain; 
and taking for illustration the P.O. standard wire. No. 8 B.W.G., 
of • 170-inch diameter, with a weight of 396 lbs. per statute mile,| 
and 1200 lbs. actual minimum breaking strain, the maximum 
tension (6) of the suspended wire, during its lowest winter 
temperature, ought not to exceed 6 = 400 lbs. The weight of 
1 foot of this wire is W = 0-075 lb. 
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TABLE XVnL 
TABLE OF THE BIRMINGHAM WIBE GAUGE. 



Vol 

B. w. a. 


inincfaeA. 


ds 


Seetsraa 
inaq. ins. 


Na 
RW.Q. 


<f— diaxn. 
iniachea 


^ 


Sectsm 
in a^ ins. 


IcirciiL 


1-000 


1-0000 


•7854 


134 


-089 


•0079 


•00622 


0000 


-454 


•2061 


•16188 


14 


•083 


•0069 


^00541 


000 


-425 


-1806 


•14186 


144 


-077 


•0059 


•00466 


00 


-380 


-1444 


•11341 


15 


-072 


0052 


•00407 





-340 


•1156 


•09079 


154 


-068 


•0046 


•00363 


1 


-300 


-0900 


-07068 


16 


-065 


-0042 


•00332 


2 


-284 


•0807 


•06335 


17 


•058 


•00336 


•00264 


3 


-259 


•0671 


•05268 


18 


•049 


•00240 


00188 


4 


•238 


•0566 


•04449 


19 


-042 


•00176 


•00138 


6 


-220 


-0484 


•03801 


20 


•035 


•00123 


-00096 


54 


-211 


•0445 


•03497 


21 


•032 


•00102 


•00080 


6 


-203 


•0412 


•03236 


22 


•028 


•00078 


•00061 


64 


-191 


•0365 


•02865 


23 


•025 


•00063 


•00049 


7 


-180 


•0324 


•02545 


24 


•022 


•00048 


•00038 


74 


•172 


-0269 


-02324 


25 


•020 


•00040 


-00031 
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•165 


-0272 


-02138 


26 


•018 


•00032 


•00025 


84 


•156 


-0243 


•01911 


27 
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•000256 


•00020 
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•148 


0219 


-01720 


28 
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-000196 
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94 


•141 
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•01561 


29 


•013 
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-00013 


10 


•134 
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30 
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104 


-127 
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31 
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11 
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32 
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• 12 
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. 124 
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35 
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' 13 
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36 


•004 
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50*».ta*j-a«<»«jr 



Nombar of Stsanda in Conductor. 




Diameter of each Strand. 



ro 4^ 



h-* >— « t-^ t-^ ►i- H- • 1-^ bo&Gs , 
oi o>oa» cno^ooop-^ 
PI 



Approximate Size in B. W. G. of each 
Strand of Conductor. 



COCOIOIOIOi— 'I— 11— >C3 
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OOC00i05l0-a00F 
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Diameter of Conductor after Stranding. 
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& meeirlc IJshta.— 




B 
Fig. 19. 

Then Resistance Hot (R) in Ohma of Lamp . 



L = the electric himp (arc or incandescent). 
B =the generator of electricity (battery or 

dynamo). 
K = Key for completing the circuit. 
A G= Ampere galvanometer of very low 
resistance, for measuring the 
current strength (C) in am^ieres. 
P6=potential galvanometer of high resist- 
ance, for measuring the difference 
of potential (£) in volts, between 
the terminals of the lamp. 
Tbe lamp is placed in a suitable photo- 
meter, and simultaneous readings of the 
candle power =(»), the current (C) and 
E.M.F. (E) are taken. 
E 



Then, by Ohms* 



Law, C=g 



Electrical Energy in WcUta spent on Lamp 
Energy in Kilogram-metres 



» 



99 



>> 



»f 



Energy in Horse-Power 

Candles per Horse-Power . 

Heat units per Candle in Gramme degrees 



_E 

~C 

=ExC 

= ExCx010102 

_ ExC 

" 746 
_ «x746 

"""ExC 
ExCxO-24 



In the case of Licandescent Lamps, the resistance cold (r) of lamp is best 
found by tbe Wheatstone bridge, usmg a very low battery power, say 1 or 2 
cells, as the resistance falls quickly if the caroon filament becomes heated.* 



c. Dynamos. — In testing the efficiency of a dynamo, the lamp (L) in Fig. 
19 is replaced by resistance coils of German silver or iron wire, or better, by 
thin ribands of these metals, and tbe battery (B) by the dynamo. With 
different resistances in circuit, readings are taken on the galvanometers. 
At the same time, the mechanical energy transmitted to the dynamo by belt 
or otherwise, is measured by a suitable d^^namometer. 

(E X C\ 
"74fi )=tte 

electrical energy or work done on the resistance coil or external circuit, i.e., 
the useful electrical horse-power given out by dynamo, 

Then the efficiency ==2^ — p* For example, see trial I, Table XX., p. 364. 

Where (0) = current through external circuit = 30*7, E = (C x B) s 
(30-7x3-31)=101-6 volts, and (P)=6-4. 

, •. Percentage efficiency = -t_j^ — p— =65*3 o/*« 



* For teats of Incandescent Lamps, by Crookes, and also by Jamienon, see Jmmdf Society 
Kl9graph Engineers, YoL XL, No. 42; for ''Arc Lamps," aee Engineering, ho^. 17, 188& 
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cL Secondanr Batteries er Aecnmalaten. — In charging secondaxy 
batteries, the battery to be charged replaces (L), and a dynamo, if used, 
takes the place of (B) in Fig. 19. Headings are taken for (C) and (E) at 
freqnent intervals. From these the energy of charging current is found in 
Watts. In estimating the total work done in charging, time must be taken 
into account. 

In testing the discharging, the battery takes the place of (B), and 
resistance coils or lamps that of (L) in Fi^. 19. (C) and (E) are noted, and 
the energy, as well as total work done in Watts, obtained as before. 

.-. The efficiency of the gecondary battery ^f*-!*"^ work giyen out ^ 

•^ the total work put m 

The total work done in charging and discharging may also be measured by 
a suitable voltameter joined up as a shunt to the secondary battery, so as to 
pass a known fraction of the current through it (see pages 305, 306}.* 

e. TraasmlMloit of Power. — The efScieDcy of the transmission of power 
by electricity may be tested without the aid of electrical apparatus by simply 
attaching suitable djrnamometersf to the generator and motor, and taking 
simultaneous readings. 

Let Pi = the power applied to generator, and P2=the power given out by 

100 P 
motor. Then the percentage efl&ciency=— p ^. If, however, we wish to 

test the system electrically, let the generator replace (B) and the motor (L) 
in Fig. 19. Attach a potential galvanometer to the terminals of the generator, 
and place one current galvanometer at each end close to generator and motor. 
Take simultaneous readings on all four galvanometers. We have, whatever 
the length and insulation of line wire may be, Ei and £2 =E, M, F in volts ; 
Ci and €2= current in amperes at generator and motor respectively. 

Then 

^1^1= power given out by generator in Watts« 
£202 s ,9 received by motor „ 

The electrical efficiency of the system ==r?,^* 

JiiiLi 

J£ we wish the motor to give out power most rapidly, the above efficiency 
will be equal to one-half; but if we wish it to do work most economically, 

then ^f^ must be a maTimnm (s~ if the insulation of the line wire be 

perfect and Gi=C2, when only one current galvanometer is required in 
circuit). 

The ratio of the speeds of motor and generator should not be depended upon 
as a test of their efficiency. 

* ProfeMor Blyfli, Glasgow, has perfected a carrent meter embodying this principle. 

t For a complete description of Professors Ajrrton and Perry's GulYanometers for Strong' 
Correntf, Photometer, and Power Dynamometer; alsoSiemens's Dynamometer and Electro- 
Dynamometer, see Journal SocUty Telegraph Engineere, Vol. XL, No. 43; also Electrical 
Btviev, 1882. 
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in ELBCTBic-LiaHTiHa ok Dtnaxo Circuits, ob whek 

CHABOIMa AND DlSCHABOINO SbCONDAKT OeLLS, &C* 



Wig. 20. 

The Pomttai OainaBmeuir (Fig. 20) consiafs of a high resists 
anc6 coil C, fixed to a wooden platform P, and a magnetometer 
M. The coil C contains about 7000 turns, or over 2000 yards of 
German silver wire of No. 32 B.W.G., and has a resistance of 
fully 6000 ohms. The platform F supports the coil and the 
magnetometer. The magnetometer consists of a quadra&tal- 
shaped brass box, vith a mirror bottom, and glass cover, inside 
"which a light system of magnetic needles and aluminium index 
or pointer is pivoted by means of a sapphire cap resting on an 
iridium point. The sensibility of the instrument is altered by 
putting the magnetometer nearer to or farther from the coil. The 
sensibility can be fiirther varied by means of a semircircular 
magnet placed over the magnetometer, as shown in the figure. 
The intensity of the field produced by this magnet is deter- 
mined and painted on it, with the date of determination. This 
magnet renders the instrument less liable to disturbances due to 
other magnets, or to iron, or dynamos, in its neighbourhood, A 
scale is engraved on the platform F, the number at any division 
of which indicates the number of divisions the magnetometer 
needle will he deflected by one volt when it is in a magnetic 
field of C.G.S. unit intensity, and when the front of the magneto- 
meter boK is at that division. 

To find the volts corresponding to any given deflection of the 
needle — 

ituie.—MuUiph/ the number of divisions in the deflection hy the 
intensity of the afield, and divide by the number at the division 
exacUy under the front qftha magnUometer on the pla^irm scale. 

'These inBtrnmenta are iUnBtr&ted in Fignns 20 and 21, wbicli areoiigrav' 
ingi from photographs of tlie instruments. 



SIB WX. THOHBOH a OURBBXT QALTAKOMBTEB. 



Kfr Zl. 

The Cnmnt oainnaBiMer (Fig. 21) IB, with the exception of the 
coil, identical in every respect with the potential galvanometer. 
The coil in this instrument conaiata of a few turns, or of a single 
turn, of thick copper atrip, and is capable of conveying very strong 
currents {100 amperea in the ordinary instruments). 

To find the number of a/m^ffna corresponding to any particular 
deflection with this instrument — 

K^K.— Multiply the nv/mher of divisioTiB in the deflection by tlie 
tntentity of the field, and divide by the number at the division exactly 
under Die front of the mag^ietometer on tiie platform acale. 

DtreciloHB applicable Is kaik Inaimnenla, — These instmments 

should be so placed that when no current is flowing in the 
coil, and no maj^ict is near the magnetometer, the index 
points to zero. When the semi-ciroolar magnet is used on 
the magnetometer, the intensity of the field ia nearly equal to the 
number on the magnet plus '17 for the intensity of the earth's 
field in the British Islands. If the earth's field alone be used, 
its intensity at the place of observation must be known. It 
may be taken trom the Chart of Horizontal Force, of the 
Admiralty Corapaas Manual. 

A very convenient set of electrodes and spring contact clipa, as 
shown in the Figures 30 and 21, is sapplied along with each of 
these instruments, whereby the galranometera may be quickly 
brought Into or out out of any electric circuit without disturbing 
the current in that circuit. 
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APPENDIX. 



VuloB of Solids.— The following are the melting points of a few 
of the more important substances. The last seven are given on 
the authority of Daniell. 

Fohr. 

Bismuth^ 493° 

Lead^ 630 

Zinc, 773 

Silver, 873 

Brass, 1,869 

Copper, i>99^ 

Gold, 2,016 

Cast-iron, 2,786 

Wrought-iron, above 3,280 



210 



Fahr. 

Mercury, — 38** 

Ice •«••«■•■••••■••■ •■•• • + ^2 
Alloy^Tin "3,''i^'*57i 

bismuth 8, about, j 

Sulphur, 228 

Alloy — Tin 4, bismuth 5, ) ^ 

leadl, f ^4^ 

Alloy — ^Tin 1, bismuth 1, 286 

Alloy— Tin 3, lead 2, 334 

Alloy — ^Tin 2, bismuth 1, 334 
Tin, 426 

LcUeni heat of fusion of ice, about 140 British units; of tin, 
IfOO. 

vi«w of Oamea. — ^Let the pressure, bulkiness, and absolute tem- 
perature of a gas within a vessel be p^, v^, t^, and without the 
vessel, P2, t'2» ^2> *^^ ^®* Po ^0 ^ *^® value of pv for the absolute 
temperature t^ of melting ice. (See page 278.) Let y be the 
ratio in which the specific heat of the gas is greater at constant 
pressure than at constant volume; 

Let O be the area of an orifice through which the gas escapes 
from the vessel ; 

k, a co-^icient of contraction, or of efflux, so that the effective area 
of the orifice is A; O ; 

%i, the maximum velocity which the particles of the gas acquire 
in escaping, when there is no friction; 

W, the weight of the gas which escapes in a second; then, 



W = 



hOu 



n 



2 



Po ^0 ''1 Vi/ 



Values of y: air, 1*408; steam-gas, about 1*3. 
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Values of the oo-efficient of efflax k for air, with effective pres- 
sures of from '23 to I'l atmosphere (Weisbach) : — 

Conoidal mouthpieces, of the form of the con- h 

tracted vein, 0*97 to 0*99 

Circular orifices in thin plates, 0*563 to 0*788 

OaiAow Qf Sicam— Roagh Approxloiati^H. — ^Let p^ be the internal 
and p^ the external absolute pressure; q, weight of outflow per 
nnit area per second j then when p^ = or .^^ tPv^ —Pi "^ ^^ nearly ; 
and when p^ "P^iPv ^ = {Pz ^ ^2) • J {{py^ - P2) -^ IPiiy 
nearly. Contraction for safety valve openings about 0*6. 

Addendum to Pabt HI., page 132. 



liCTelliBg by the Baromeicr. — To correct the difference of level 
given by the formula, for variations in the force of gravity, divide 
by the co-efficient of ^^ in the note to page ^45. 



Addendttu to Part VIL 

Frictloii of licather Collars. — ^The friction of the leather collar of 
a hydraulic press plunger is equal to the pressure upon a ring equal 
in circumference to the plunger, and of a breadth which, according 
to Mr. William More*s experiments, is about in> of the depth of 
bearing surface of the collar; and according to the experiments of 
Mr. Hick and Mr. Luthy, from '01 inch to *015 inch, according to 
the state of lubrication of the collar. 



Addendum to Part Vin., page 274. 

Addltlaaal R««latance «f Milp» dae to short afterobodj. — ^Let V be 

the speed in knots; I, the proper least length of after-body, in feet 
= f t;^; Vy the actual length of afber-body; B, the area of midship 
section, in square feet; sin ^ y, the mean of the squares of the sines 
of the angles of obliquity of the stream-lines of the after-body; then, 
additional resistance in lbs. — 

= 5-66 «;8 sin 2 y • S a / (1 - -^\ nearly. 
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Ezplosire Gaa-Eogine. — Best proportions of explosive mixture; 
air, 8 volumes; common coal-gas, 1 volume. Absolute pressure 
immediately after explosion, Pi = 5 atmospheres = 10,580 lbs. 
on the square inch, nearly. Let r = ratio of expansion; p2 = ab- 
solute pressure at end of expansion; p^ = absolute back pressure; 
"W* = indicated work per cubic foot of explosive mixture. Then 

5 7 

Wnearly = ^ (Pi - Po) " g ^^ "" "^^^2 + (^ ~ 1)(P2 " Po); 

the mean effective pressure is p^ = — . 

T 

Approximate formula for final pressure where r is not greater 
than 7 nor less than 2; p^ nearly = 0-54 (- +;s)"~ 0*^25. 

Addendum to Part VI. 

Deflection of i9priiis;a< — Straight springs are to be treated as beams. (See 
page 221.) For spiral springs, made of cylindrical rod or wire, the following are 
the mles: — 

Let r be the mean radins of the spiral spring, measured irom the axis to the centre 
of the wire ; n, the number of coils of which it consists; d, the diameter of the wire; G, 
the co-efficient of rigidity of the material; ./^ the greatest safe shearing stress upon it; 
W, any load not excee^g the greatest safe load; v, the correspondmg extension or 
compression; W^, the greatest safe steady load; Vi, the greatest safe extension or 
compression; then 

W Cd* _ 0-196 /"d* 12-666 »/r2 
7 = 6i^»' ^^ = r ' ^'^^ Crf— ' 

The greatest safe sudden load is -g- 

Wi », 2-463 n/» r d" 

The Resilience of the spring is given by the formula, — g— = q . 

The values of the co-efficient, C, of transverse elasticity of steel and charcoal iron 
wire in lbs. on the square inch, range between 10,600,000 and 12,000,000. 

Bv the greatest safe stress must here be understood the greatest stress which is 
certain not to impair the elasticity of the spring by frequent repetition; say 30,000 Iba. 
on the square inch. 

Addendum to Pakt IX., page 298. 

Reslfltiiiice of Alr-pnmp of Steawi-Englne equivalent to the follow- 
ing additional back-pressure, in lbs. on the square inch of steam 
piston; good air-pumps, 0*5 to 0*75; bad, 1*0. 
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Appr«xlmnfe Rules for Safetr Talrea. (See also p. 303.) — To 

find the area of actual opening required. Divide the area of 
heating surface in square feet by 3 (or the area in square inches 
by 432) ; divide the quotient by the absolute pressure in pounds 
on the square inch : the final quotient will be the area required 
in fractions of a square inch. 

N.B. — This is based on experiments made with circular valves 
having a lift not exceeding -^ of diameter. 

Given the proportion of litt to diameter and the area of opening 
to find the area of the circular valve seat. Multiply the area of 
opening by \ of the ratio in which the diameter is greater than the 
lift. Special rules for valves in which, with a pressure otlO pounds 
above the atmosphere, the valve is to rise not more than -^ of the 
diameter of the valve seat. To find the area of the circular valve 
seat. Divide the area of heating surface by 2000; the quotient will 
be in the same sort of measure with the area of the heating surface. 
To insure the same proportionate rise with a greater minimum pres- 
sure, the area should be varied inversely as the absolute pressure. 
To insure the same proportionate rise with a less minimum pressure, 
the area of valve seat should be made to vary inversely as the square 
root of the efiective minimum pressure above the atmosphere. 

Proporffons of British and Frencii measures.— In the Compara- 
tive Tables of Measures contained in this volume, the value of 
the standard metre in inches is taken as ascertained at the 
British Ordnance Survey Ofiice, viz., 39*37043. 

Such is the true scientific value of the metre : it has been shown, 
however, by the British Commission on Standards (see Appendix 
to Fifth Report, p. 198) that the commercial metre, owing to ex- 
pansion by heat, is longer than the scientific metre, being 39*38203 
inches. The difference is 0*0116 of an inch in each metre; that 
is to say, very nearly 0*295 millimetres in a metre. 

Standard Oaiion.— In the Act of Parliament relating to this 
subject the definition of the gallon as being the capacity of 10 lbs. 
of pure water at 62° Fahr. is that first given, and is obviously to be 
always followed when practicable. The alternative definition of 
277*274 cubic inches is given as a means of determining the 
gallon when the first-mentioned method is impracticable. The 
second definition, however, is by far the more frequent in popular 
and even in scientific use. It makes the gallon greater than the 
first definition does in the proportion very nearly of 1*00054 : 1. 

viaid Onnce.~By an Order in Council, of the year 1871, a fluid 

ounce is recognized as being one-one-hundred-and-sixtyth of a 

gallon. 

^ 2b 
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ftr aafctr TaivMri— From a Beport oq Safety Yalves drawn 
up by a Committee of Tlie Institation of Engineers and Shipbuilders 
in Scotland, it appears that ''two safety valves should be fitted to 
each marine boiler, one of which diouLd be an easing valve. 

The dimensions of each of these valves, if of the ordinary 
constraction, should be calculated by the following rule: — 

A 18xG ^. 0'6xHS 
A=-j- orA=— ^_ 

A = Area of valve in square inches. 
6 =:6rate snrfnce in square feet. 
^ S =: Heating snrfiioe in square feet. 

P=: Absolute pressure in pounds per square inch. 

" The committee suggest that only one of the valves may be 
of the ordinary kind, and proportioned as above, and that it 
should be the easing valve. The other may be so constructed as 
to lift one-quarter of its diameter without increase of pressure. 
Yalves of this kind are now in use, and one such valve, if cal- 
culated by the following rule, would be of itself sufficient to 
relieve the boilers : — 

Aa_^^ ^-area of guides of valve^ 

A=:ll??^^+area of guides of valve. 

This valve should be loaded, say, 1 lb. per square inch less than 
the easing valve. 

"If the heating surface exceeds 30 feet per foot of grate surface, 
the size of safety valve is to be determined by the heating surface. 

"As boilers decay from age it is necessary gradually to reduce 
the pressure of steam, and the committee recommend that valves 
should be made of a size to suit the pressure to which the boiler 
may ultimately be worked when it becomes old. 

" Springs should be adopted for loading safety valves, and they 
should be direct-acting where practicable." 

Coeflicieat •f FHciioa. — From experiments made by Capt 
Douglas Galton, C.B., F.R.S., on the effect of brakes upon railway 
trains, it appears that 

(1.) The retarding effect of awheel sliding upon a rail is not 
much less than when braked with such a force as would just 
allow it to continue to revolve, the distance due to friction of 
the wheel on the rail being only about ^ of the friction between 
the wheel and the brake blocks. 

(2.) The coefficient of friction between the brake blocks and 
the wheels varies inversely according to the speed of the train; 
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thus, ivith cast-iron brake blocks ou steel tires, the coefiicieixt of 
friction when just moving was '330, 
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marine Ensines.— The pressures now commonly used at sea are 
from 60 to 75 lbs. per square inch, reaching to 100 lbs., and even 
more in some cases, and the consumption of coal under 2 lbs. per 
indicated horse-power per hour. 

To withstand such pressures, the shell-plating of boilers is 
made of a thickness of 1 inch and more; the end plates are 
usually about 14 per cent, thicker. 

Geuerally the total heating surface in marine boilers is from 
25 to 28 times the grate area, and the tube surface is about 
5-6ths of this. 

The tubes are about 6 feet long and 3 inches in diameter. 

The heating surface is sometimes stated as varying from 16 
to 20 square feet per nominal horse-power, the indicated horse- 
power being from 6 to 6 times the nominal horse-power; or the 
heating surface may be stated as about 3 square ft. per indicated 
horse-power, the grate area being about -^ of the heating surface, 
or from ^ to -^^ of a square foot per indicated horse-power. 

The advantage of the compound engine lies in the economical 
use of steam through high expansion, the lessening of excessive 
variation of strain on the moving parts through the distribution 
of the pressure on the pistons, and the more uniform tempera- 
ture at which the cylinders can be maintained, as the low pressure 
cylinder alone is in communication with the condenser. 

In some cases, two low pressure cylinders are used, and the 
steam is expanded from the small cylinder into these larger 
cylinders. The principle of action is, however, the same, as the 
quantity of steam originally received from the boiler, when 
expanded, will theoretically perform the same amount of work, 
whether this expansion takes place in one cylinder, or in two or 
more. 

In the compound-engine, we have thus a similar action to the 
single engine, working with same ratio of expansion where, for a 
part of the stroke, the pressure on the piston is from steam in 
direct communication with the boiler, and, for the rest of the 
stroke, the pressure is that due to the expansive action of the 
steam. 
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mmrfykem c«ndieaacn.— In the sar&ce condensers now used at 
sea with com))ound-eDgines, it is usual to pass the water by means 
of a reciprocating pump through the tubes, the steam being 
admitted from the low-pressure exhaust iuto the space enclosed 
around the tubes : the vacuum obtained is about 28 inches. The 
tubes are of brass, and measure f inch external diameter. An 
immense length of such tubes is required, so as to obtain the 
necessary cooling surface, which, for engines indicating about 
3,000 horse-power, will be about 6,000 square feet; or, generally, 
the cooling surface in the condensers is about 2 square feet per 
indicated horae-power. 

The economy of the marine engine is lai^ely due to high pres- 
sure steam, about 90 pounds per square inch being now often 
carried, to surface condensation, and the large ratio of expansion 
obtained by the compound system where the steam passes from 
one cylinder into one or two others, before reaching the condenser; 
our best engines, however, are only yielding an efficiency of from 
about ^ to about ^, This appears to be made up more or less 
as follows : — 

Efficiency of furnace and boiler, -j^; efficiency of the steam, y^^; 
or, total efficiency, -nr^ •n7 = i"> again, if we take the efficiency of 
the propeller as y^^, we shall have about yV ^^ ^^^ ^^^^ efficiency. 

Steel.— Steel is now largely used for rails, tyres, boiler and ship 
plates, &c.,and combines great strength with ductility, the ultimate 
tensile strength being about 28 to 31 tons per square inch, with an 
elongation of about 25 per cent. The limit of elasticity is about 
one-half of the ultimate or breaking strength. 

The Board of Trade allows 6J tons per square inch as the 
safe working strength for bridge structures. 

It appears that by the use of steel in the construction of ships 
a saving of weight of about 16 per cent, is obtained. 

Some peculiarities exist as to the behaviour of steel, and care 
must be taken both in the working of it from the ingot into 
plates, and in the workshop or yard, one special point beinp:, 
that it should not be worked at a " black heat," or about 550** F. 
Safety in working lies above or below this temperature. The 
question as to the comparative wear of iron and steel by corrosion 
seems still undecided, but so far no practical difference has been 
observed. The steel referred to is known as "Mild Steel or 
Ingot Metal." Articles of cast steel can now be manufactured 
possessing considerable strength and ductility. 

The following notes on American Bridge practice are taken 
from The Transactions of the American Society of Civil Engineers, 
Vol VIII. :— 

"American bridges are genei-ally built up from the following 



APPEKDIX. 373 

iDdividual members, most, if not all, the mechanical work upoa 
them being done in the shop. 1st. Chord and web eye-bars; 
round, square, or flat bars, with a head at each end, formed by 
some process of forging. These are tension members. 2nd. 
Lateral, diagonal, and counter rods. 3rd. Floor beam hangers. 
4th. Pins. 5th. Lateral struts. 6th. Posts. 7th. Top chord 
sections. The last three being columns formed by rivetting 
together various rolled forms; plates, angles, channels, I beams, 
&c. Some are square-ended, others pin-connected. These are 
compression members. 8th. Floor-beams and stringers. These 
consist either of rolled beams, rivetted plate girders, or occa- 
sionally of latticed or trussed girders. The proportion of depth 
to span in American bridges is from one-fifth to one-seventh. 

''In top chords, posts, and struts the strains are calculated 
by a modification of Itankine*s formula, as follows : — 

, ._»«i_ for K™»-a c^,,^ .»nb». 

1+-^ :, 

4U000r2 

8000 - . 1. -xt. . J 

p = ^ for compression members with one pin and one 

1 + ^ square end. 

p = «y for compression members with pin bearings. 
1+ ^ 



2U000r2 



where p = the allowed compression per square inch of cross section* 
I = the length of compression member, in inches, 
r 3= the least radius of gyration of the section, in inches. 

The correctness of the value for wind pressure, as adopted by 
Professor Eankine, has been lately proved in the severe storms 
which have visited this country, a recent committee of enquiry 
having fixed this pressure on bridge surfaces at 56 lbs. per square 
foot. 

jTct of Water.— The Editor appends the following investigation 
by the late Professor Eankine of the theoretical co-efficient of 
contraction in a jet of water issuing from a large cistern with 
a pipe going into it. The investigation was laid before the 
Professor's Class of Civil Engineering and Mechanics in Glasgow 
University, Session 1866-67. 
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Let a sorifiea 

^^ p s velocitj of outflow in feet per seoond. 
„ eav 8 number of cubic feet per second. 
„ D s= weight of a cubic foot of water, 
then, Dcaif^ weight of flow per second. 

Now, the reaction or backward pressure exerted against the 
reservoirs ; the pressure in the reservoir =-5—; multii- 

plying the latter expression by a^ and equating, we have— 

J>cat^ I>v^a ^^ 1 
__=__, or c=-. 

, PropnisioH •£ TcsmU.— Froude's '^Law of Comparison" shows 
that, with a model -^-^ of the length of the ship, the comparative 
speeds for resistance would be 

Ship, 5 knots, 10 knots, 15 knots. 

Model, 1 „ 2 „ 3 „ 

The frictional resistance in a well-formed ship Vas found to vary 
as the l'87th power of the speed, and the indicated horse-power 
as about 2*7 times the eflfective power expended by the screw. 

Blasting of Bocks. — From experiments by Major Morant, K.E., 
India, it appears that only one-half the quantity of dynamite, 
and one-third of the number of bore-holes, is required to remove 
the same quantity of rock as gunpowder. For quarrying purposes 
gunpowder appears, however, to be preferred to dynamite, as 
having less shattering effect on the rock. 

One great advantage in using dynamite is that in many cases 
it can be used without bore-holes, and when these are used very 
shallow ones are found sufficient, and do not require tamping ; 
with deep holes, clay or sand, tamping appears most suitable. 

liocomoiive Bngines. — Express passenger engines, with 18-inch 
cylinder, 7 ft. or 8 ft. driving wheels, weigh about 42 tons, and 
with tender, loaded, about 68 tons. 

The length of stroke is 24 inches, wheel base about 21 feet 
Heating surface about 1000 square feet, of which about one- 
twelfth is in the fire-box, the rest in the tubes. The area of fire- 
grate being about 14 J square feet. Such engines carry a working 
pressure of 130 to 140 lbs. per square inch, and can exert a 
tractive force of 90 lbs. for each lb. of effective pressure on piston, 
and will draw a train of 17 carriages, weighing about 190 tons, 
at a speed of 50 miles per hour on the level. 

Kecently, the compounding of locomojiiyes has been tried, both 
in France and in this country. 
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Ibsolutb Tempenitnre, 105, 277. 
„ Unit of Force, 104. 
„ Units, 308. 
„ Zero, 105. 
bntments— Stability of, 184. 
cceleration, 245, 804. 
ccumnlators, 334, 861. 
{stual Energy, 246. 
iihesion of Locomotives, 243. 
r— Expansion and Elasticity of, 280. 
j —Flow of, 365. 
for Furnaces— Sopply of, 295. 
'-pnmp of Steam Engine, 297, 365. 
iminiam Bronze — Strength of, 205. 
apere Meter, Sir Wm. Inomson's, 862. 
„ Unit of Current, 803. 
gle of Repose, 180, 182, 240. 
of Rupture, 179. 
— ^To set out a right, 127. 
gles — Measures of, 90. 

—Reduction of— to the Centre, 180. 
taken by Sextant — Reduction of — ^to 
the Level, 130. 
gular Momentum, 247. 
„ Velocity — Measures of, 102. 
bedncts, 264, 268. 
c Lamps, 360. 

ch— Lmear, or Equilibrated rib, 174, 176, 
225. 
of Masonry or Brickwork — Stability 

of, 188 
—Strength of, 224. 
a — Measnres of, 95. 
as — Mensuration of, 63, 129, 143. 
ises— Work of, 251. 

£' mospheric Pressure, 115, 132. 
:is of Rotation, 229. 
ixle— Strength of, 226, 249. 
Uimuth, 119. 

fACK Pressure, 291. ^ 
ackwater from a Weir, 265. 
ands— Friction of, 241. 
„ in Mechanism. 285. 
Barometer— Levelling by, 132, 866. 
Bars— Weight of, 163. 
Base of Survey — To measure, 123. 
Battery— Chloride of Silver, De la Rue, 334. 
„ — E. M. F. Tables, 335. 



Batterjr— Fanre's Secondaiy, 884. 
„ —Resistance Test, 319. 
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Beams— Action of Load on, 212. 

—Allowance for Weight of, 220. 
— Gontinnoas— over Piers. 224. 
— GroBs-sections of equal Strength 

for, 219. • 
—Deflection of, 221. 
—Effect of Twisting on, 226. 
— Limiting Length of, 221. 
of Uniform Strength, 219, 229. 
—Proportion of Depth to Span of, < 
224. 
„ — ^Resilience of, 224 
„ — Shearing Action on, 216. 
—Stiffness of, 221. 
—Strength of, 212. 
— Sudden Load on, 216. 
— ^To Deduce Stress from Deflection 

of, 224. 
— ^Travelling Load on, 216. 
Bed of Stream— Stability of, 268. 
Belts^ 235. 

Bendmg — Resistance to, 212. 
Bevel-wheels, 281. 
Birmingham Wire Gauge, 358. 
Blasting— Labour of, 253, 374. 
Blocks and Tackle, 238. 
Blowing off, 297. 

Boiler — Dimensions and Fittings of, 297. 
„ —Efficiency of, 296. 
„ —Strength of, 207, 211, 297. 
Boiling Point— Effect of Saltoess on, 289. 

„ — Levelling by, 133. 

Boiling Pomts, 283. 
Bolts— Strength of, 208. 
Boring— Labour of, 263. 
Bracing of Frames, 168. 
Brake, 241, 870. 
Brass -Strength of, 195, 197. 
Breaking across — Resistance to, 212. 
Brickmaking — Labour of, 253. 
Brickwork— Labonr of, 254. 

., — Stabihty of, 179. 
Bridges— Framed, 169. 

—Girder, 169, 224, 872. 
— Iron or timber— Arched, 225. 
— Stone and Brick, 188. 
— Suspension, 227. 
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Brine — ^Blowing off, 297. 

„ —Boiling Points of, 289. 
Bronze— Strength of, 195, 197. 
Bnckled Plates, 227. 
Bnilding— Labour of, 268, 254. 
Bnlkiness, 147. 
Bnoyanej, 146 157, 275. 
Bottresses, 184. 

CABLn— Submarine — C.G.S. Srstem of 

Units, 802, 808, 
804. 

„ —Cooling Mixtnre for 

Joints, 840. 

^ ^Dia^nuns of Pla- 

tuo - Brazileira 
Cables, 387. 

,1 —Electrical data of 

Cables lud since 
1872^ 850, 852. 

„ — Grappling for, 840. 

,, —How to Test, 814, 

815 817. 

„ —Iron Wire for, 889, 

849 

„ —Joint Test, 820. 

„ — Mechanical data of 

Cables laid since 
1872, 845. 

„ — Protection against 

Teredoes, 840. 
^ Specification of, 

— Speed of signalling 
with Siphon Re- 
corder, 858. 
— Stress on paying 
out, 852. 
„ —Test Forms, 841, 

844. 
,, —Tests of, 850, 852. 

Cables— Strength of, 204, 227. 
Cant of Bails, 189. 
Canvas— Strength of, 205. 
Capacity— Electrical, 802, 808. 
for heat, 277. 
— Measares of, 99. 
„ —Tests, 815, 316, 817, 818. 
Carbon, 296. 
Carcel Burner, 805. 
Cascade, 267. 

Catenarian Curves — Tables of Co-ordinates 
of, 175. 
„ ribs, 174. 
Catenary, 80, 174. 
Cement— Strength of, 203. 
Centimetre— Unit of Length, 302. 
Centre of Buoyancy, 167, 275. 
„ of Gravity, 153. 
„ of Ma^itude, 81. 
„ of Oscillation or Percussion, 155. 
„ of Pressure, 156. 
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Centres for Arches, 190, 255. 
Centrifugal Force, 246. 
Chains— Equilibrium of, 170. 

„ —Strength of, 227. 
Chahrs— Railway— Weight of, 244. 
Channel— Flow in, 264. 

„ — Stobility of Bed of, 268. 
Charcoal, 296. 
Chimney, 297. 
Circular Arcs, 61, 77. 

„ Lengths and Areas, 39, 42, 68, 77. 
Cireumferences and Areas of Circles, 42. 
Clark, Forde & Co.— Tables Copper res., 

824. 
— Tes^'for Cables, 341. 
— ^Tests of Iron Wiie 
for Cables, 349. 
Clearance, 291, 294. 
Coal, 296. 
Coke, 296. 

Collapsing— Resistance to, 211. 
Columns— Strength of, 210. 
Combustion — Heat of, 295. 
Composition of Forces, 158. 
Compression— Resistance to, 209. 
Concrete-Strength of, 203. 
Condensation-water, 295. 
Condenser— Common, 297. 

., —Surface, 298. 
Conductor— Electrical— Reustanoe of, 802, 

303. 
Conduits, 268. 

Cone — To measure, 71, 73, 74. 
Connecting-rod— Strength of, 209, 250. 
Constant of Galvanometer, 315. 
Continuous Girders, 224. 
Contraction of Stream, 259. 
Copper — Calculating res. at different 
Temps., 324. 
—Melting Point, 321. 
—res. Percentage Conductivity. 

322, 327. 
— Resistance per Knot, 821, 822. 
-Resistance Tests, 809, 314, 322. 
—Specific Conductivity, 321, 322, 
—Specific Gravity. 321. 
—Strength of, 195, 197, 321. 
„ —Diameter, Length, Weight, 

res. Tables, 323, 326. 
„ —Weight, Strength, 321 822. 
„ — Diameter— Value of. Table, 
328. 

Core— Tests of, 317. 
Coulomb Unit of Quality, 303. 
Counterforts, 187. 
Couples — Statical, 161. 
Crank— Motion of, 236. 
Crompton's Bttrgin Djmamo— Tests of, 360. 
Cross-breaking— Resistance to, 212. 
Crushing— Resistance to— Tables, 197,20L 
203, 205. 
—Rules for, 209, 210. 
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Gnbes of Nnmben, 1, 11. 
Current, 272. 

„ —Electrical Unity, 808. 
Corvatnre of the Earth, 117. 

,, ,, — Correction for, 

181. 
Cnrres — Measurement of the Length 
of, 74. 
„ on Railways— Cant of, 139, 142. 
„ — Settinji; out, 133, 139. 
Cut-off, 289, 291. 
Cuttings, 143. 

Cylinder— Capacity of— for Steam, 298. 
„ —Strength of, 207, 211. 

Daniell'8 Cell, E.M.F., 808. 
Day— ilean Solar, 90. 

„ — Sidereal, 90. 
Deflection of Beams, 221, 
Density, 147. 
Derived Magnetic Units, 302. 

„ Mechanical Units, 802* 
Deviating Foroe,246. 
Diagram of Work, 242. 
Dip of Horizon, 122. 

„ and Span Tables and Formnlse for land 
lines, 856, 867. 
Discharge — Co-efficients of, 259. 
Drainage Area^ 267. 
Dynamo-machmes, Tests of, 860, 864. 
Dynamometer for Cables, 853. 

„ for Dynamos, 861. 

Dyne Unit of Force, 804. 

Earth— Curvature of the, 117, 181. 
„ — Dimensions of the, lit. 
— Heaviness of, 152. 
—Natural Slope of, 180. 
„ —Pressure of, 179, 180, 183. 
Earthwork— Breadths of 142. 
— Labour of, 253. 
— Mensuration of, 148. 
„ — Setting-out, 142, 
Ebonite, 833. 
Eocentnc, 298. 

Efficiency — Conditions of Greatest— in 
Heat Engines, 277. 
of a Fall of Water, 269. 
of Furnace and Boiler, 296, 872. 
of Machines, 239. 
ofPropellers, 275, 372. 
ofSteam, 293, 372. 
of Turbines, 269. 
„ of Vertical Water-wheels, 269. 
Effort, 240. 
Ekstidty of Gases, 278, 280. 

„ of SoUds, 195. 
Electric Lamps— How to Test, 861. 
„ Light— Conductors for, 359. 
Electrical Data of Cables, 350, 352. 

Rules, Tables, and FormulsB, 802. 
Units-Practical, 802. | 
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Electro-Chemical Eqmvalents.305,806,807 
Magnetic System of Units, 302. 
Motive Force, 802, 303, 318. 
Static System of Units, 302. 
„ „ Capacity Tests, 315, 81Q. 

Electrolysis— Laws, &c 805, 806. 
Elliptic Arcs — To measure, 78. 

,, Areas, 69. 
Embankments, 142, 180. 
Energy, 239, 304. 

—Actual, 246. 

— Actual— of a Rotating Body,247* 
of Heat, 277. 
„ —Potential, 289. 
Engines— Steam, 277, 871. 
English Unit of Light, 805. 
Epicycloidal Teeth, 234. 
Equmbiated Arch, 174, 225. 
Equivalent— Dynamical— of Heat, 277* 
Erg Unit of Work or Energy, 304. 
Evaporation — Factors of, 284. 

—Latent Heat of, 288. 
—Total Heat of, 283. 
„ —Unit of, 105, 277. 
Excavation, 148. 
Expansion by Heat, 147, 280. 
„ bv the Slide Valve, 298. 
„ Valve, 800. 
Expansive Action of Steam, 290, 292. 
ExtradoB of Arch, 189. 

Factors of Safety, 205. 
Fallmg Body, 248. 
Fall of Water— Energy of, 269. 
Farad Unit of Capacity, 303. 
Faults in Submerged Cables, 320. 

„ — Protection of Conductor and 
Localising, 320. 
Faure*s Seoondaiy Battery, 884, 835. 
Feed-Pump, 298. 
Feed-Water, 294. 
Fifth Powers and Squares, 82. 
Floats of Water- Wheel, 272, 278. 
Flow of Gas, 365. 

„ of Water, 256. 
Flues— Dimensions of, 297. 

„ —Strength of, 211. 
Fly-Wheels, 247. 
Foot-Poimd, 188. 
Force— Absolute Unit of, 104, 802, 804, 

„ — Centrifugal, 246. 

„ — Component, 159. 

„ — Distnbuted, 146, 158. 

„ —Driving. 240. 

„ —French Unit of, 804. 

„ —Resultant, 158, 159. 

„ —Work of Varying, 242. 
Forces— Composition and Resolution of, 
158, 159. 

„ —Parallel, 162. 
Foundations- Iron Tubular, 154. 
„ —Load on, 181, 182. 
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Fonndfttions on Fflei, 18S. 

Frames— Bracing of, 1<MI 

,. — Eqnitibrinm sad StiUlilj cf, 
165, 169. 
French Unit of Dgfat, 806. 
Friction— Moment oi; 241. 
„ of Earth, 18U. 
„ of Machines, 240, 806, 870. 
„ Strap. 241. 



Frictional Stability of MnonrT, 186. 

~ Heat of " " 

296. 



Fuel— Available 
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„ — Expenditure of, 296. 
„ —Supply of Air to, 295. 
y, —Total Heat of Combnstnii oS, 
295. 
Fundamental Units, 802. 
Furnace and Boiler — Dimensions and 

Fitting of, 297. 
„ „ — Efficiency of, 296. 

Fusion, 365. 

i7— Value of, 245. 304. 
Galvanometer — Constant, 815. 
Gaps in Station-lines— To measure, 128. 
Gas Engine — Explosive, 367. 
Gases— Klasticity of, 148, 280. 
„ —Flow of, 866. 
„ — Heaviness of^ 149. 
„ — Properties of, 278. 
Gathering- Ground, 267. 
Gearing, 298. 

Geodesy— Engineering, 117. 
German Silver — Wire, Weight, and Bes., 

322, 326. 
Oibnrltar-Malta Cable, Capacity Tests of, 

318 
Girder, 169, 212. 

,, — Continuous, 224. 
„ — Stiffening for Suspenson Bridges, 
226. 
Governor, 246. 
Gradients— Ruling, 244. 
Gramme Unit of Mass, 302. 
Granite— Strength of, 197, 208. 
Grapnel for Rocky Bottom, 340. 
Grappling for Submarine Cables, 340. 
Gravity — Accelerating Effect of, 245, 
804. 
„ — Centre of, 153. 
—Motion under, 218. 
— Specific, 146. 

„ —Table of, 149. 
Guttapercha- Decay softens, 328. 

, , — Electro-static Capacity, 328, 

331. 
„ ^Resistance and Tables, 329, 

330, 331. 
„ —Specific Gravity, 328, 831. 
„ —Strength, 831. 

„ —Stretched, 32fiL 
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GufctapsEclia— Weight— Damnter «f can, 
ftc, 829. 
—^ahroghby Smith's Ekctro- 

static Gapwafejr, 83L 
— WiUoughby Smith's Insa- 

lation Reustance, 888. 
^Willooghby Smith's Boi*. 

ance Tables, 332. 
— Willonghby Smith's Specifis 
Gravity Strength, 831. 
Gyratbn — ^Radius of, 154. 

Habkohic Carve, 70. 
Head due to Velocity, 249. 

„ of water. 256. 
Headings — Labour of Driving, 253. 
Heat — ^D^namical Equivalent oi, 277. 
„ — Electrical Unit of ([see Joule), 803. 
„ — Energy of ComboatiouwitiiOjCTgen, 

307. 
„ — Energy of Combustion with Chlor- 
ine, 806. 
„ Engines — Efficiency of, 277. 
„ —Expansion by, 147, 148, 278, 280. 
„ — Expenditure of— in an Engine, ^3^ 

293. 
„ Generated by Electric Corrent, 805. 
„ — Intensity of— or Temperataro, 105. 

106, 277, 280. 
„ 'Latent, 105, 283. 
„ of Combustion, 295. 
„ — Quantities of, 105. 
„ —Specific, 277, 278, 279, 
„ —Unit of, 105, 304, 305. 
Heating Surface, 296, 371. 
Heaviness, 102, 147. 

,, —Tables of, 149. 
Height due to Velocity, 248. 

„ „ —Table of, 249. 

Hoops— Stress in, 176. 
Horse-Power, 104. 

— Indicated — of Steam 
Engine, 289. 
„ — Nominal, 301. 

Horses— Work of, 251. 
Hydraolic Mean Depth, 258. 

„ Press— Strength of, 208. 
„ Ram, 273. 
Hydranfics, 256. 
Hydrocarbons, 296. 
Hydrostatic Arch, 176. 
Hydrogen, 296. 
Hyperbolic Areas, 70. 

„ Logarithms, 35, 38. 

Ice— Melting of, 365. 
Impulse, 245. 
Incandescent Lamps, 361. 
Indicated Power, 289. 
Indicator — Steam engine, 242L 
Inertia— Moment of, 154. 
„ — Reduced, 249. 
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Injection Valve or Skuee^ 297. 

,, Water, 295» 
Injector, 297. 
Insulation Tests, 814, 815. 
Insulator for Telegraph lines, 852. 
Intensity of a Magnetic Field, 802. 

„ of Pressure, 108, 115. 
Intrados of Arch, 189. 
Inrolate Teeth, 288. 
Ion, 805, 806. 
Iron Arched Ribs, 225. 

„ Beams, 216. 

„ Bridges, 169. 

„ —Cast— Strengthof, 195, 197,199,201. 

„ GhauiSj 170, 204. 

„ Fastenings, 208. 

,, — Malleable and Steely—Strength ot, 
191, 200, 201. 

„ Pipes— Strength of, 207, 268. 

„ — ^Resilience of, 194. 

„ Struts and Pilhirs, 210. 

„ Win for Cables, 349. 

„ „ Land Lines, 855. 

Jenkin, ProC Fleeming, ** Electricity and 
Magnetism," 820, &c. 
SpeciBcation for Platino- 
Brazileira Cables, 838. 
Jet-propeller, 275. 
Joint 01 Rnptnre, 189. 
Joint Tests, 320. 

„ — Cooling Mixture for, 840. 
Joule's Equivalent, 277. 
Joule— Unit of Heat or Work, 808. 
Journals— Strength of. 226, 249. 
Jumping Holes in Rock^I<abour of, 258. 

KE3fPE Electrical Testing, 818, 820, &a 
Keys— Strength of, 208. 
Kilogramme, 97. 
Kilogramm^tre, 104. 
Knot, or Nautical Mile, 98. 

Labour, 253. 

Lambert's Key for Capadly Tests, 817. 

Land Lines— Insulators, 854. 

—Dip and Span Tables, 857. 
„ —Iron Wire for, 856. 

„ Measures, 95. 
„ — Mensuration of, 129. 
Latent Heat of Evaporation, 288. 

„ „ Fusion, 366. 
Latitude— Length of a minute of 117, 118. 

of a place— To find, 122. 
Laws's Test for E.M.F., 318. 
Length— Measures of, 92, 802. 
Level— for angles, 130. 

„ — Reduction to the— for distances, 127. 
Levelling, 131. 

„ by the barometer, 182, 866. 
„ by the boiling point of water, 183. 
Light Units, 805. 



link Motion, 800. 
Linkwork in Mechanism, 286. 
Load— Dead, 2U5. 
„ —live, 205, 206. 
„ on Beam, 206, 212. 
Locomotive Eagine— Adhesion of, 248. 

„ —Tractive force oL 24L 

874. 
„ —Weight of, 244, 374. 

„ —Work of 245. 

Logarithms— Common, 8, 11. 

„ — Hyperbolic, 85, 88. 
Longitude— lengtn of a minute of, 117, 118. 
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Machines, 228. 

— Balancing of, 241. 
— Driving force of, 240. 
—Friction of, 240. 
— Reduced Inertia of, 249. 
— Varied Motion of, 245. 
—Work of, 238. 
Magnetic Field— Intensity, 802. 

„ Units, 802. 
Magnitude — Centre of, 81. 
Man- Work of, 252, 253. 
Masonry— Labour of, 253, 254. 

„ —Stability of, 179. 
Mass— Centre ot 153, 302. 
Measurements or Electrical Units, 808. 
Measures — British and French — Comparsr 
tive Table of, 110, 369. 
— Multipliers for conversion o( 

107, 112, 369. 
of Absolute Force, 104. 
of Angles, 90. 
of Area, 95. 
of Capacity, 99. 
of Heat, 105. 
of Heaviness, 102. 
of Intensity of Pressure, 108. 
of Length. 92, 95, 96, 99. 
of Statical Moment, 104. 
of Stress, 103. 
of Temperature, 105. 
of Time, 90. 
of Value, 100. 
of Velocity, 102. 
of Volume, 96. 
of Weight, 97. 
of Work, 103. 
—Solid, 96. 
„ — Superficial, 95. 
Mechanical Equivalent Heat, 277, 805. 

„ Units, 802. 
Mechanism, 23 L. 
Megohm — Resistance Unit, 303. 
Melting Points, 365. 
Men— Work of, 262. 
Meridian— Length of Arcs of, 117, 118, 

„ —To find the, 119. 
Metacentre, 276. 
Metacentric Height, 275. 
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Metre, 02. 

„ Bridpie, 309, 810. 
Microfarad (see Capadtj), 808. 
Mile, 92 98, 91. 

„ — Kaatical, 98. 
Mines— Labour of Driying, 268. 
Modnlos of Klasticity, 196. 

„ of ReflilieDoe, 206. 

„ of Rnptnre, 199. 
Moment— Meaeures of, 104 
of Inertia, 164. 
of a Magnet, 802. 

„ of KesisUnce, 218. 

„ of Sail, 276. 

„ of StablUtT, 186. 

„ of Weight, 168. 
Momentum, 245. 
Moneys, li»0. 

Mortar— Strength of, 208. 
Motion— Link, 800. 
]^f otions — Comparison of, 228. 
Mnirhead. Dr.— Re-oondensers, 818L 
Moles— Work of, 251. 
Alanro Battery Test, 819. 
Muscular Strength— Work of, 260. 

Nautical Mile, 93. 
Nominal Horse-power of Engines, 801. 
Notches— Flow of Water through, 261. 
Numbers and Figures, 1. 

Ohm Resistance Unit, 808. 
Ohm's Law, 803. 
Orifice— Flow through, 259, 878. 
Oscillation — Centre of, 165. 
Overhead Telegraph lines— >I]un]aton for, 
854. 
„ Dip and SfMin Tables, 866L 
Overshot Water- wheelsL 269, 270. 
Oxen— Work of, 251. 

Paddles, 275. 
Parabola^Area of, 63. 

„ — Length of, 79. 
Parallel Forces, 162. 
„ Motion, 286. 
Peat, 296. 

Pendulum— Revolving, 246. 
Percussion — Centre of, 156. 
Periodical Motion^ 238. 
Piles for Foundations, 182. 

.. — Screw, 183. 
Pillars— Strength of, 210. 
Pins— Strength of, 208. 
Pipes— Flow in, 263. 

„ — Friction in, 268. 

„ —Strength of, 207, 268. 
Piston, 238. 

„ Rod— Strength of, 210, 260. 
Pitch Surface, 281. 
Plane Areas, 63. 
**"«iimeter or Platometer, 80. 
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Plank Rood*— Labour of makmg, 253^ 

Plans — Scales for, 126. 

Plates— Buckled—Strength of, 227. 

„ —Weight of, 153. 
PUtino-BrBzUeura Cables, 337. 
Platometer, 80. 
Point of Rupture, 179, 188. 
Polarizatiort, 805. 

Pole of a Magnet— Strength of, 802. 
Polygons— Bl^lar, 88. 
Ports— Steam, 289, 298. 
Posto- Strength o^ 210. 
Potential— Electrical Difierenoe of, 803. 
Eneigy, 239. 
Galvanometer, 363. 
— Measurement of, 818. 
Pound — Standard — Avoirdupois, 97. 

„ Sterling, 100. 
Power— Electrical Unit of (see Watt), 
803. 

„ — Measurement of, 104, 289. 

„ — Muscular, 250. 

„ of a Fall of Water, 269. 

„ of Steam Engines, 289. 

„ of Windmills, 270. 
Press— Hydraulic — Strength of, 207, 
Pressnre^Centra of, 156. 

„ — ^Intensity of, 1U8, 115. 

„ of the Atmosphere, 115, 182» 

„ ofEarth,179, 180, 188. 

„ of Steam, 283. 

„ of Water, 103, 179, 266. 

„ of Wind, 184, 276, 878. 
Prime Factors, 83. 
Projections — Parallel, 87. 
Propellers, 276. 

Propulsion of Vessels, 274, 366, 374. 
Pull 206. 

Pulleys and Belts, 235, 238, 241. 
Pumps for Steam En^es, 297. 

QuAXTiTT of Electridty, 302, 808. 
Quarrying— Labour of, 253. 

Rails for Rulways, 244. 
Railways — Breadths of, 141. 
— Curves on, 133. 
— Power exerted by Locomotives 

on, 245. 
—Resistance of Vehicles on, 243. 
„ — Ruling Gradients ot, 244. 
Rain.fall, 267. - 
Ram— Hydraulic, 273. 
Ran^ng Curves, 188. 
Ratio Electro-Magnetic to Electro-Statio 

Sjitmn of Units, 302. 
Re-action of Moving Body, 246. 
„ Water-Wheel, 278. 

Reciprocals of Numbere, 1, 11, 31. 
Reduced Inertia, 249. 
Reduction of Resistances in Machines to 
the Driving Point, 240. 
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Befmction — Astronomical, 122. 

„ — Correction of Levels for, 131. 
Repose— Angle of, 180, 182. 
Reservoir — Time of Emptying, 267. 
Resilience of Beam, 224. 

„ of Iron and SteeL 194. 
„ of SUk, 204. 
Resistance— Box, 310. 

of Carriages on Roads, 242. 

of Earth, 181, 183. 

of Electrical Conductor, 802, 

803. 
of Machines, 240. 
of Materials, 191. 
of Railway Trains and Engines, 

243 
ofShips, 274, 866. 
of Water in Pipes and Chan- 
nels, 257, 268. 
„ —Tests, 309, 310,313,814, 815. 
Resolution of Forces, 158, 159. 
Resultant of Couples, 161 

of Distributed Force, 158. 
of Inclined Forces, 158, 160. 
of Parallel Forces, 162. 
of Stress, 158. 
,. of Weight, 158. 
Retaining Walls—Stability of, 184. 
Retardation, 245. 
Revdtements, 184. 
Rhumbs— Table of, 89. 
Ribs— Arched— Equilibrium of, 174, 176. 

„ —Strength of, 225. 
Right Angle— To set-out, 127. 
River-bed— Stability of, 268. 
Rivets— Strength of, 208. 
Rivetted Joints— Strength o^ 207. 
Rivettine— Labour of, 255. 
Roads— Plank — Labour of making, 255. 
,, — Resistance of Vehicles on, 242. 
Rock* Blasting — Labour of, 253. 
„ Boring, 253. 
„ Fouuoations, 181. 
„ —Heaviness of, 152. 
„ —Quarrying, 253. 
„ — Tunnelling in 253. 
Rods, Weight of, 153. 
Ropes— Strength of, 204. 
Rotation, 229. 

„ — ^Actual Enerjgy of, 247. 
„ — An^ar Vewcity of, 102. 
„ — Axis of, 229. 
Rupture — Angle of, 179. 

„ — Modulus of, 198, 201, 202. 
„ —Point of, 179. 

Safbtt— Factors of, 205. 
„ Valve, 297, 870. 
Sails of Ships, 275. 

Sandstone— Strength of, 197, 198, 203. 
Scales for Plans, 125. 
for Sections, 125. 
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Screw Piles, 183. 

„ Proneller, 275. 
Screws in Mechanism, 285. 
Second— Unit of Time, 802. 
Secondary Batteries, 834, 861. 
Sections— Method of— Applied to Frame- 
work, 169. 
„ — Scales for, 125. 
Setting -out Curves, 183. 

„ Slopes and Breadths, 142. 
„ Works, US. 
Sextant Angles — ^to reduce to the level, 180. 
Shafts— Strength of, 226, 249. 
Shearing— Resistance to, 197, 201, 208. 
Ships, 274. 

Shunts— Multiplying Power, 815. 
Siemens^ Unit — Electrical Resistance, 803. 

„ —Cables, 837, 852. 

Simpson's Rules, 64. 
Sines, 61. 

Skew Bevel Wheels, 232. 
Slate— Strength of, 195. 
Slide Resistances, 812, 813, 814, 815. 
„ Valve gearing, 298. 
„ Wu-e Bridge, 809, 310. 
Slides— Test for E.M.F., 819. 
Sluices — Discharge irom, 263. 
SoUd — Centre of magnitude of, 84. 

,. Measures, 9<1. 
Solids— Mensuration of, 72. 
Sounding — Reduction of, 138. 
Specific Gravity, 146. 

Copper, 821. 
Guttapercha, 828. 
Heat, 277, 278, 279. 
—Tables of, 149, 278,279. 
Specification for Cables, 838. 
Speed-cones, 235. 

Speed— Rate of Telegraphing hy Cables 
with Siphon Recorder, &c, 358. 
„ — Measures of, 102. 
Spheres— Strength of, 207. 
„ — Volume of, 73. 
„ —Weight of, 153. 
Spherical Areas, 71. * 

Triangles, 56, 58, 72. 
Springs— Deflection of, 867. 
Squares of Numbers, 1, 11. 
Stability of Masonry, 179. 
,. of Vessels, 275. 
Standard Candle and light Units, 805. 
„ Resistances and Temperature for 
Tests, 322, 833. 
Stars— Declinations of, 121. 
Station-lines of Surveys, 119, 128. 
Steam— Action of— on Piston, 289, 290, 
292. 
„ — Back Pressure of, 291. 
„ —Density of, 283, 285, 289. 
„ —Efficiency of, 293. 
„ Engines— Dimensions of, 293, 
297, 871. 
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Steim— Expenditure of Fuel on, 298. 

„ — Expenditure of Host on, K3. 
„ „ ofWateron, 894» 

„ ^Latent Heat o^ 288, 284. 

„ —Mean Premire of, 290, 292. 

ff —Outflow of, 366. 

„ Pasf ages— Reiistaoee of, 289. 

„ — Pressure of Saturation of, 283, 285. 

„ Boom, 297. 

„ —Tables relatiiig to Aedon oL 285, 
292. 

M —Total Heat of, 288, 281 
„ Valve, 298. 

„ —Volume of, 283, 285, 289. 
Steel— Resilience of, 194. 

„ —Strength of, 191, 200, 872. 
Stiffness of Beams, 221 . 
Stones— Heaviness of, 152. 
„ — Strength of, 195, 197, 198, 208, 
368. 
Stream. 256. 
Strength of Axles, 226. 
„ of Beams, 212. 
„ of Boilers and Gjlinders, 207, 

211. 
„ of Bolts, Pins, Keys, and Rivets, 

208. 
„ of Electric Cnrrent, 802, 308. 
„ of Machinery, 249. 
„ of Pillars and Stmts, 209. 
„ ofPipe8,207, 208. 
„ of the Pole of a Magnet, 302. 
„ of Ropes and Cables, 2(lf4. 
„ of Shafts, 226, 249. 
„ of Spheres, 207. 
„ of Suspension Bridges, 173, 225, 

226. 
„ of Teeth, 233. 
„ of Tie-Bars, 286. 
„ of Tubes and Flues, 207, 211. 
„ of Wheels, 250. 
„ —Rules for, 205. 
„ —Tables of, 191. 
Stress— Measures of, 103. 
„ While paying out Cable — ^Formola 
for, 353. 
Stretching— Resistance to, 195, 206. 
Struts— Strength of, 210. 
Surface-condenser, 298, 872. 
„ —Heating, 296, 87L 
Survey— Base for, 296. 

„ — Scales for, 125. 
Surveying, 127. 
Suspension Bridge, 173, 225. 

„ „ — Stiffenhig Girder fbr, 226. 

System of Units— Electrical, 302. 

Tables of Angles and Sines, &&, 61. 
„ Angles of Repose, 182, 240. 
„ Animal Power, 261. 
„ Atlantic Cables — ^Tests of, 852. 
„ Bending Action on Beams, 214. 
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TaUes of Birraingfaam Wire Gaufie, 358. 
Cables, Submarine, 341 to 352. 
Circsmferenees and Areas of 
Cirdes,42. 

Coefficients of Discharge, 260. 

Condoctors for Electric Lights, 
859. 

Copper Wire, 323, 324, 826; 
328. 

Diameten^ Lengths per Pound, 
and Itesistaiices of Pure 
Copper and Oerman Silver 
Win!6,826. 

Di{> and Span for Aerial Land 
lines, 856. 

Electrical Data of Cables, 350, 
352. 

Electro - Chemical Equivalents, 
807. 

Electro- Motive Force of Differ- 
ent Battery Cells, 335. 

for Calculating Resistance of 
Copper at different Tempera- 
tures, 324. 

French and British Measures, 
110. 

Gases, Liquids, and Solids, 149. 

German Silver Wire, 326. 

Guttapercha Resistances, 330. 
„ „ Wiiloughby 

Smith's, 832. 

Heat and Energy in Chlorine, 
308. 

Heat and Energy of Combination 
with Oxygen, 307. 

Heights due to Velocities. 248. 

Hyperbolic Logarithms, &c., 38. 

Iron Wire for Land Lines — Dia- 
meter, Area, Length, and 
Breaking Strain, 355. 

Latitudes and Longitudes, 118. 

Measures of Length, &c., 92. 

Melting Points, 365. 

Moments of Inertia, 218. 

Multipliers, 107, 112. ' 

Overhead Telegraph Lines— Dip 
and Span, &c., 356. 

Prime Factors, 33. 

Radii of Gyration, 154. 

Bain.fall, 267. 

Regular Polygons, 88. 

Resibtance and Weight of 
Copper Wire, 328. 

Scales for Plans, 125. 

Scales of Temperature, 106. 

Specific Gravity, 149. 

Squares and Cubes, &C., 11. 

Star Declinations, 121. 

Strength of Materials, 191, 368. 

Strength of Pillars, 211. 

Submarine Cables — ^Iron Wire 
for Sheathing, 349. 
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Tables of Snbmarine Cables (Test fonns 
for recently laid Gables), 841- 
844. 
Submarioe Gables Ltid since 
1872 to date— Mechanical Data 
of, 845 to 848 — Electrical 
Data. 850 to 852. 
Test or Dynamo, Gnnnpton-Bnr- 

gin, 864. 
Valae of Gopper Gondnctors at 
£85 per ton, 828. 
„ Weight, Volume, &&, 278. 
Tackle, 238. 
Tangents, 61. 

Tearing— Resistance to, 191, 195, 206. 
Teeth of Wheels— Dimensions and Figure 

of, 233 
„ —Strength of, 233, 260. 

Telegraph Construction and MaintenanoB 

Company's Cables, 341 to 351. 
Telegraph — Land Line Insulators, 854. 
Temperature, 105, 106, 277, 280. 

,, Coefficients for Copper, 

324. 
Tenacity, 191, 206. 
Tension, 206. 

Teredoes — Protection against, 340. 
Tests for Battery Resistance, 319. 

for Cables— Forms of 341, 344. 
for Capacity, 316, 318. 
for Copper resistance, 309, 314. 
for Electro-Motive Force, 318. 
for Incandescent Lamps, 360. 
for Insulation Res., 314, 315. 
for Joints, 320. 
of Dynamo, 360, 364. 
withSlides, 313,^314, 815. 
with Wheatstone's Bridge, 309, 310. 
Thermodynamics, 277. 
Thermometers, 105. 
Thomson— Sir William— Slides, 312. 
—Capacity Test, 316. 
— Graded Galvanometers, 

362. 
—Siphon Recorder — Speed 
of with long cables, 353. 
— Specification Platino- 
Brazileira Cables, 338. 
Thrust of Propeller, 275. 
Tie-line in Surveying, 127. 
Ties— Strength of, 2u6. 
Timber— Labour of Working, 254. 

„ —Strength of, 196, 198, 202. 
Time— Measure of, 90, 302. 
Towers— Stability of, 184. 
Towns— Demand of Water for, 268. 
Trains— Railway— Resistance of, 243. 
Transmission of Power— Klectrical, 361. 
Transport of Loads by Muscular Power, 

251, 262. 
Transverse Strength, 212. 
Trapezoidal Rule, 67. 
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Tiiangles — Approximate Solution of 
Spherical, 68. 

^ — Solution of Plane^ 53. 

„ — Solution of Spherical, 55. 
Trigonometrical Rules, 52. 
Trigonometry — Use of— in Surveying, 129, 
Trochoid, 70. 
Truss, 165. 

Tubes— Strength oi^ 207, 211. 
TiumeiB— Arching of, 1^. 

„ — Labour of Excavation in, 258. 
Turbines — Dimensions and Figure ofj 272, 

„ —Efficiency of, 269. 
Turning, 229. 
Twisting — Resistance, 226. 

Undershot Water-Wheels, 269, 271, 272. 

Value- Measures of, 100. 
Valve— Safety, 297. 

„ — Snde,298. 
Vaults— Stability of, 188. 
Velocities— Virtual— Principle of, 240. 
Velocity — Angular — Measures of, 102. 

„ —Measures of, 102, 302. 
Vernon Harcourt's Standard Flame, 305. 
Vessels— Propulsion of, 274. 

„ -Resistance of, 274, 366. 

„ —Sails of, 275. 

„ —Stability of, 275. 
Vu1;ual Velocities, 240. 
Volumes— Measurement of, 72. 
Viaducts, 184, 188. 
Volt Meter, 368. 
„ UmtofE.M.F., 803. 

Walls- StabiHty of, 184. 
Water-Channels — Discharge of 264. 
„ — Resistance or, 257. 

„ —Stability of, 268. 

Water — Contraction of Streams of, 259. 
„ — Demand for— in Towns, 268. 
„ — Discharge of — from Orifices, 

Notches, and Sluices, 263. 
„ — Expansion of— by Heat, 147. 
„ —Flow of, 256. 
„ — Gauging, 260. 
„ —Head of, 256, 257. 
„ — Measurement of Flow of, 260. 
„ Power, 269. 
,, Pressure Engines, 269. 
„ — Pressure ol, 179. 
„ Ram, 273. 

„ —Supply of, by Rain-fall 267. 
Water-Pipes— Discharge througn, 263. 
„ — Resistance in, 258. 
„ —Strength of, 268. 

Water- Wheels — Dimensions and Figure 

of, 270. 
—Efficiency of, 269. 
—Horizontal, 269. 
—Vertical, 269, 270. 
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Wftter-Wheds— Re-aotion, 878. 

,, in an Open Cnrreni, 272. 

WaU's Hone-Power, 104, 804. 
•* Watt" Unit of Power, 808. 
Wave-Lines — Area of, 70. 
Weight — Meaanrea of, 97. 

,, — Tablea of, 149. 
Won, 261, 265. 
„ — Caacade froQ, 267. 
., — Swell and Backwater from, 265. 
Wtieatatone Balance, 808, 809. 

„ Bridge, Practical Forma, 309, 
810, 811. 
Wheela, 281. 

—Bevel, 281. 
—Paddle, 275. 
—Skew-Bevel, 282. 
—Strength of, 250. 
—Teeth of, 233. 
Wind — Action of— on Towers and Chim- 
nevs, 184. 
„ —Pressure of, 181, 276, 878. 
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Windmills, 278. 

Wire— Iron— for Cables, 849. 

„ for Land-Lines — ^Tables, 856L 
Wire Grange — Birmingham, 858. 
Wood, 196, 296. 
Work, 103. 

against Varying Reastance, 242. 

-Calculation of. 238. 

done— Electrical, 803, 304, 861. 

during Retardation, 245. 

—Measures of, 102, 802, 803, 804. 

of Acceleration, 245. 

represented by an Area, 242. 

Unit Rate of Working- Gravitation 
Measure, 804. 
„ Useful and Wasteful, 239. 
Works— Setting Out, 133. 

Tabd— Standard, 92. 

ZiEBO— Absolute, 105. 
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THIRTIETH THOUSAND. 

Large %vo,y Cbth^ with 1 50 lUusiratums^ Zs. 6d. 

A DICTIONARY OF 

DOMESTIC MEDICINE 

AND HOUSEHOLD SURGERY, 

BY 

SPENCER THOMSON, M.D. Edin., L.R.C.S. 

Tkortrnghly revised and brought down to the present state of Medical Science, 

With Appendix on the MANAGEMENT of the SICK-ROOM, and many 

Hints for the DIET and COMFORT of INVALIDS, 



From the Author's Prefatory Address. 

"Without entering upon that difficult ground which correct professional 
knowledge, and educatea judgment, can alone permit to be safely trodden, there 
is a wide and extensive field for exertion, and for usefulness, open to the 
unprofessional, in the kindly offices of a true DOMESTIC MEDICINE, the 
timely help and solace of a simple HOUSEHOLD SURGERY, or better still, 
in the watchful care more generally known as * SANITARY PRECAUTION,' 
which tends rather to preserve health than to cure disease. * The touch of a 
gentle hand ' will not be less gentle because guided by knowledge, nor will the 
safe domestic remedies be less anxiously or carefully administered. Life may 
be saved, suffering may always be alleviated. Even to the resident in the 
midst of civilization, the * KNOWLEDGE IS POWER,' to do good ; to 
the settler and emigrant it is INVALUABLE. 

" I know well what is said by a few, about injuring the medical profession, by 
making the public their own aoctors. Nothing will be so likely to make ' long 
cases ' as for the public to attempt any such folly ; but people of moderate 
means — who, so far as medical attendance is concerned, are worse off than the 
. pauper — will not call in and fee their medical adviser for every slight matter, and, 
in the absence of a little knowledge, w///have recourse to the prescribing druggist, 
or to the patent quackery which flourishes upon ignorance, and upon the 
mystery with which some would invest their calling. And not patent quackery 
alone, but professional quackery also, is less likely to find footing under tfaie 
roof of the intelligent man, who, to common sense and judgment, adds a little 
knowledge of the whys and wherefores of the treatment of himself and family. 
Against that knowledge which might aid a sufferer from accident, or in the 
emergency of sudden illness, no humane man can offer or receive any objection." 

Notices of the Press. 

'* The BEST and SAFEST book on Domestic Medicine and Household SurgOT which 
has yet appeared;" — London Journal of Medicine. 

*'Dr. Thomson has fully succeeded in conveying to the public a vast amount of us^I 
professional knowledge." — Dublin Journal 0/ medical Science. 

*' The best production of the kind we possess." — Christian Witness.^ 

" The amount of useful knowJedge conveyed in this work is surprising." — Medical Times 
and Gazette, 

** Worth its weight in gold to families and the clkrgv."— Oxford Herald, 
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RELIGIOUS WORKS. 



ALTAR OF THE HOUSEHOLD (The); a 

Series of Prayers and Selections from the Scriptures, for Domestic Wor- 
ship, for every Morning and Evening in the Year. By the Rev. Dr. 
Harris, assisted by eminent Contributors, with an Introduction by the 
Rev. W. Lindsay Alexander, D.D. Now Edition, entirely Revised, 
Royal 4to, with Steel Frontispiece. Cloth, gilt edges, 22/-. May also 
be had bound in the foUowing^ styles : half-bound calf, marbled edges ; 
and levant morocco, antique, gilt edges. 

*^* Also, Illustrated with a Series of First-class Engravings on Steel, 
descriptive of the most important Events in the Old and New Testaments, 
at 6/- extra. 

ANECDOTES (Cyclopaedia op Religious and 

Moral). With an Introductory Essay by the Rev. GEORGE Cheever, 
D.D. Crown 8vo. Cloth, 3/6. Thiriy-ftmrth Thousand. 

*»* These Anecdotes relate to no trifling subjects : and they have been selected, not 
for amusement, but for instruction. By those engaged in the tuition of the yotmg, they 
will be found highly useful. 

BIBLE HISTORY (A Manual of). By the Rev. 

J. Wycliffe Gedge, Diocesan Inspector of Schools for Winchester, 
Small 8vo. Cloth neat, 7d. 

*' This small but very comprehensive Manual is much more than a mere aummary 
of Bible History."— CAwfTii Sunday School Mageudfie, 

The Large-Type Bunyan. 

BUNYAlSrS PILGRIM'S PROGRESS. With 

Life and Notes, Experimental and Practical, by William Mason. 
Printed in large type, and Illustrated with full-page Woodcuts. Crown 
€vo. Bevelled boards, gilt, and gilt edges 3/6. Twelfth Thousand, 



CHARLES ORIFFIN A C0MPANT8 



CHRISTIAN YEAR (The) : Thoughts in Verse 

for the Sundays and Holy Days throughout the year. With an original 
Memoir of the Rev. John Keble, by W. Temple, Portrait, and sixteen 
beautiful Engravings on Steel, after eminent Masters. In 4to, handsome 
doth, bevelled, 12/6; unique walnut boards,. 21/-; morocco antique, 
25/-; morocco extra, 30/-. 

XLLUSTBATIONS. 



Monung .« •. after H. Howard, R. A. 

Sunset .. .. yi . G. Barrett. 

A Mountain Stream „ C. Bentlev. 

A River Scene „ C. W. Radclyffe. 

A Mountain Lalce ,, J. M. W. Turner. 

A Greek Temple „ D. Roberts, R.A. 

A Village Church „ C. W. Radclyffe. 

The Wayside Cross „ Tony Johannot, 



The Old Manaon. . after C. W. Radclyfte. 

The Cathedral Choir „ Levaint. 

Sunset (after Claude)^ G. Barrett. 

Moonlight ,, Hofland. 

Pastorau Landscape ,, C. W. Radclyffe. 

Halt in the Desert „ D. Roberts, R.A. 

Guardian Angels ,, H. Howard, R.A. 

The Chiurch Gate „ C W. Radclyffe. 



" An Edidon de luxe, beautifully got up admirably adapted for a gift-book.**— 

JciinBuU, 

CHRISTIAN YEAR (The): With Memoir of the 

Author by W. Temple, Portrait, and Eight Engraving on Steel, after 
eminent Masters. Small 8vo, toned paper. Cloth gilt, 5/- ; morocco, 
ig/6 ; unique malachite boards, 12/6. rfew Edition. 

%* The above are the only issues of the " Christian Year,** with Memoir and Fortxait 
of the AuthoTt In orderiz^. Griffin's Editions should be specified. 



CRUDEN'S COMPLETE CONCORDANCE 

TO THE OLD AND NEW TESTAMENTS, AND THE BOOKS 
CALLED APOCRYPHAL. Edited and corrected by William 
YOUNGMAN. With fine Portrait of Cruden. Imperial 8vo, Cloth, 
handsome gilt top, 7/6. New Edition, 



DR. DICK'S POPULAR WORKS. 



DICK (Thos., LL.D.) : CELESTIAL SCENERY; 

or. The Wonders of the Planetary System Displayed. This work is 
intended for general readers, presenting to their view, in an attractive 
manner, sublime objects of contemplation. Illustrated. Crown 8vo, 
toned paper. Handsomely bound, with gilt edges, 5/-. New Edition, 

DICK (Dr.) : CHRISTIAN PHILOSOPHER 

(The) ; or. The Connection of Science and Philosophy with Religion. 
Revised and enlarged. Illustrated with 150 Engravings on Wood. Crown 
&vo, toned paper. Handsomely bound, with gilt edges, 5/-. Twenty- 
eighth Edition, 



MELiaiOUS PUBLICATIONS. 



STANDARD BIBLICAL WORKS, 

BY 

THE REV. JOHN EADIE, D.D., LL.D., 

LmU Professor of Biblictd Literature and Exegesis to the United Presbyterian Churchy 
and Member of the New Testatnent Revision Company. 

This Series has been prepared on an accurate and scientific basis, to afford sound and 
necessary aid to the Reader of Holy Scripture The Four Volumes comprised in it form in 
Uiemselves a Complete Library of Reference, Biblical and Ecclesiastical. Number 
of copies already issued, over a quarter ok a million. 

I. EADIE (Rev. Prof.); BIBLICAL CYCLO- 

PiEDIA (A) ; or,Dictionary of Eastern Antiquities and Customs,Geography, 
Natural History, Sacred Annals, Biography, and Biblical Literature, 
illustratj- e of the Old and New Testaments. With Maps prepared 
expressly by Messrs. W. & A. K. Johnston, many Engravings, and Litho- 
graphed Fac-Simile of the recently-discovered Moabite Stone, with 
Translation of the Inscription. Large post 8vo., 700 pages. Handsome 
cloth, 7/6 ; half-bound calf, 10/6 ; morocco antique, 16/-. Twenty-second 
Edition, 

"We must regard Dr. Eadie's Bible Dictionary as decidedlv the best adapted for 
popular use, and have always found it a reliable authority. To the Clergy not possessed 
of large libraries, and to whom the price of books is important, we can cordially recom- 
mend the present volume." — Clerical JoumoL 

II. EADIE (Rev. Prof.): CRUDEN'S CON- 

CORDANCE TO THE HOLY SCRIPTURES. With a Portrait on 
Steel of Alexander Cruden, M.A., and Introduction by the Rev. 
Dr. King. Post 8vo. Cloth, 3/6 ; half-bound calf, 6/6 ; full calf, gilt 
edges, 8/6 ; full morocco, gilt edges, 10/6. Forty-seventh Edition, 

*•* Dr. Eadie's has long and deservedly borne the reputation of being the CX)M- 
PLETEST and BEST CONCORDANCE extant. 

III. EADIE (Rev. Prof.) : CLASSIFIED BIBLE 

(The). An Analytical Concordance to the Holy Scriptures. Illustrated 
by Maps. Large post 8vo. Cloth, bevelled, 8/6 ; morocco, 17/-, 
Sixth Edition, 

%* The object of the Classified Bible is to present the entire Scriptiu-es under 
certain distinct and exhaustive Heads or Topics. It differs from an ordinary Concord- 
ance in that its arrangement depends not on words, but on subjects. The Reader will 
find, under fort^-two different Sections, what the Bible says in relation to Doctrine, 
Ethics, Antiquities, &c. The verses being printed in full, reference and comparison are 
greativ facilitated. 

*' We have only to add our unqualified commendation of a work of real excellence to 
every Biblical student."— CAru/MM Times, 

IV. EADIE (Rev. Prof.): ECCLESIASTICAL 

CYCLOPiEDIA (The) ; A Dictionary of Christian Antiquities, Sects, 
Denominations, and Heresies ; History of Dogmas, Rites, Sacraments, 
Ceremonies, &c., Liturgies, Creeds, Confessions, Monastic and Religious 
Orders, Modem Judaism, &c. By the Rev. Professor Eadie, assisted by 
the Rev. Dr. Hartwell Horne, Ven. Archdeacon Hale, Professoi 
Mac Caul, and other contributors. Large post 8va, Cloth bevelled, 8/6 ; 
morocco antique, 17/-. Sixth Edition, 

** Our readers will not need to be told that this is a ' comprehensive ' work, and we may 
add that it is one which will be found useful and convenient to a large number of beta 
clergy and laity." — English Churchman. 
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Rev. Prof. Eadie's Works— (f«i/SrVi«*<0. 

V. EADIE (Rev. Prof.) : A DICTIONARY OF 

THE HOLY BIBLE ; designed chiefly for the use of Young Persons. 
From the larger work by Dr. Eadie. With Map and numerous Illus- 
trations. Small 8vo. Cloth, 2/6 ; morocco, gilt edges, 7/6. Thirty'sixih 
Thousand, 

" Parents and tutors will unanimously thank the author for this result of a labour of 
love."— Crr/fc. * 

" A very good and useful compilation for youth." — Literary Gazette, 

*J* A Complete Prospectus of Dr. Eadie's Biblical Works 
forwarded gratis and post-free on application. 



foster (Charles) : 

THE STORY OF THE BIBLE, from Genesis 

to Revelation, including the Historical Connection between the Old and 
New Testaments, told in simple language for the Young. With over 250 
Engravings (many of them Full-page), illustrative of the Bible Narrative, 
and of Eastern Manners and Customs. Post 8vo, 700 pages. 

HOME AND SCHOOL EDITION. Cloth elegant, 6/-. 

PRIZE AND PRESENTATION EDITION. Beautifully gilt, 7/6. 

The attention of Parents, and of all engaged in the Education of the Young, is requested 
to this most interesting work. It comprises seven hundred pages profusely Ulustrated, 
and b written in an exceedingly attractive manner, so that the youne Hearer or Readei 
never wearies of the " Story, ' and the daily Bible Lesson, instead of being regarded 
as a task, is eagerly looked forward to as a real pleasure and enjoyment. 

Professor Storks writes of the Author's style : " It is a model of true simplicity and 
purity," and thus the little hearer is drawn on msensibly, by the charm of the narrative, 
to the desire to become acquainted with the Book itself, with whose "Story" so many 
happy hours have been associated. 

HENRY (Matthew) : A COMMENTARY on the 

HOLY BIBLE. With Explanatory Notes. In 3 vols., super-royal 8vo. 

Strongly bound in cloth, 50/-. New Edition. 

KITTO (John,D.D., F.S.A.): THE HOLY LAND: 

The Mountains, Valleys, and Rivers of the Holy Land ; being the Physi- 
cal Geography of Palestine. With eight full-page Illustrations. Fcap. 
8vo. Cloth, 2/6. Eleventh Thousand. New Edition. 

*«* Contains within a small compass a body of most interesting and valuable information. 

KITTO (John, D.D., F.S.A.) : PICTORIAL 

SUNDAY BOOK (The). Containing nearly two thousand Illustrations 
on Steel and Wood, and a Series of Maps. Folio. Cloth gilt, 30/-. 
Seventy-third Thousand. 



RELIGIOUS PUBLICATIONS. 



PALEY (Archdeacon) : NATURAL THEOLOGY ; 

Or, The Evidences of the Existence and the Attributes of the Deity. 
With Illustrative Notes and Dissertations, by HENRY, Lord BROUGHAM, 
and Sir Charles Bell. Many Engravings. One vol., i6mo. Cloth, 4/-. 

" When Lord Brougham's eloc[uence in the Senate shall have passed away, and his 
services as a statesman shall exist only in the free institutions which they have helped 
to secure, his discourse on Natural Theology will continue to inculcate imperishable 
truths, and fit the mind for the higher revelations which these truths are destined to 
foreshadow and confirm." — Edinburgh Review. 

PALEY (Archdeacon) : NATURAL THEOLOGY : 

with Lord BROUGHAM'S Notes and DIALOGUES ON INSTINCT. 
Many Illustrations. Three vols., i6mo. . Cloth, 7/6. 

*^* This Edition contains the whoU of the Original Work^ published at 
Two Guineas J with the exception of the Mathematical Dissertations, 



RAGG (Rev. Thomas): CREATION'S TESTI- 

MONY TO ITS GOD : the Accordance of Science, Philosophy, and 
Revelation. A Manual of the Evidences of Natural and Revealed 
Religion ; with especial reference to the Progress of Science and Advance 
of Knowledge. Revised and enlarged, with new Appendices on Evolu- 
tion and the Conservation of Energy. Large crown 8vo. Handsome 
cloth, bevelled boards, 5/-. Thirteenth Edition. 

*' We are not a little pleased again to meet with the author of this volume in the new 
edition of his far-famed work. Mr. Ragg is one of the few original writers of our time to 
whom justice is being done." — British Standard. 



« « 

« 



This work has been pronounced " The Book of the Age," ^ "The best popular Text- 
Book of the Sciences," and "The only complete Manual of Religious Evidence, Natural 
and Revealed." 

RELIGIONS OF THE WORLD (The): Bein^ 

Confessions of Faith contributed by Eminent Members of every Denomi- 
nation of Christians, also of Mahometanism, the Parsee Religion, the 
Hindoo Religion, Mormonism, &c., &c., with a Harmony of the Christian 
Confessions of Faith by a Member of the Evangelical Alliance. Crown 
8vo. Cloth bevelled, 3/6. New Edition. 

\* In this volume, each denomination, through some leading member, has expressed 
its own opinions. There is no book in the language on the same plan. All other works 
on the subject, being written by one individual, are necessarily one-sided, incomplete, 
and tmauthentic. 

SCOTT (Rev. Thomas): A COMMENTARY 

ON THE BIBLE; containing the Old and New Testaments according to 
the Authorised Version, with Practical Observations, copious Margmal 
References, Indices, &c. In 3 vols., royal 4to. Cloth, 63/-. New Edition. 

TIMES (John, F.S.A., Author of "Things not 

Generally Known," &c.) : 

THOUGHTS FOR TIMES AND SEASONS. Selected and com- 
piled by John Timbs. Fcap. 8vo. Cloth neat, i/-. Second Edition, 

" In a neat and concise form are brought together striking and beautiful passages from 
the works of the most eminent divines and moralists, and political and scientific writers 
of acknowledged ability." — Edinburgh Daily Review, 
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Scientific Works. 
MEDICAL WORKS 

By WILLIAM AITKEN, M.D. Edin., F.R.S., 

raoPBSSOR or pathology in the army medical school; examiner in medicine for 

THE military MEDICAL SERVICES OF THE QUEEN ; FELLOW OF THE SANITARY 

INSTITUTE OF GREAT BRITAIN ; CORRESPONDING MEMBER OF THE ROYAL 

IMPERIAL SOCIETY OF PHYSICIANS OF VIENNA ; AND OF THE 

SOCIETY OF MEDICINE AND NATURAL HISTORY OF DRESDEN. 



Now Ready. SEVENTH EDITION. PRICE Af2s. 

The SCIENCE and PRACTICE of MEDICINE, 

in Two Volumes, Royal 8vo., cloth. Illustrated by Numerous Engrav- 
ings on Wood, and a Map of the Geographical Distribution of Diseases. 
To a great extent Re-written ; Enlarged, Re-modelled, and Carefully 
Revised throughout. 

In announcing the Seventh Edition of this important Work as now Ready ^ the 
Publishers would only remark^ that no labour or expense has been spared to 
sustain its well-known reputation as " The Representative Book of the Medical 
Science and Practice of the Day^ Among the More Important Features of the 
New Edition^ the subject of DISEASES OF THE BRAIN AND NERVOUS 

System may be specially mentioned. 

• 

Opinions of tbe Press. 

" Excellent from the beginning, and improved in each successive issue, Dr. Aitken's 
GREAT and STANDARD WORK has now^ with vast and judicious labour, been brought 
^breast of every recent advance in scientific medicine and the healing art, and affords to the 
Student and Practitioner a store of knowledge and guidance of altogether inestimable value. 

The hrst 530 pages of the Second Volume would, if printed separately, form perhaps 

the best text-book in our language for the student of Netu-ology and Insanity. A masterly 
and philosophical review, characterised by the i)recision of the specialist, and die 
breadth of the catholic physician, is presented in these pages of the varied phe- 
nomena connected with n^orbid conditions of the nervous system in their relations with 
anatomical structure, chemical composition, physiological uses, and pathological changes. 

. . A classical work which does honour to British Medicine, and is a compendium of 
sound knowledge." — Extract from Review in " Brain" by J. Crichton-Browne, MJ)., 
JF.R.S., Lord Chancellor's Visitor in Lunacy. 

" Tlie Seventh Edition of this important Text-Book fully maintains its reputation. 

Dr. Aitken is indefatigable in his efforts The section on Diseases of the 

Brain and Nervous System is completely re-modelled, so as to include all the most 
recent researches, which in this department have been not less important th^n they are 
numerous." — British Medical Journal. 

*' The work is an admirable one, and adapted to the requirements of the Student, 

Professor, and Practitioner of Medicine The reader will find a large amount of 

information not to be met with in other books, epitomised for him in this. We know of 
no work that contains so much, or such full and varied information on all subjects con* 
nected with the Science and Practice of Medicine." — Lancet. 

"The Standard Text-Book in the English language There is, perhaps, no 

work more indispensable for the Practitioner and Student."— j^^tw. Medical youmoL 

"In its system, in its scope, and in its method of dealing with the subjects treated 
of, this work differs from all other Text-books on the Science of Medicine in the English 
language.' — Medical Times and Gazette. 

"The extraordinary merit of Dr. Aitken's work .... The author has unquestionably 
performed a service to the profession of the most valuable kind." — Practitioner. 

"Altogether this voluminous treatise is a credit to its Author, its Publisher, and to 

English Physic Affords an admirable and honest digest of the opinions and practice 

of the day Commends itself to us for sterling value, width of retrospect, and fairness 

of xv^xtsKDXA^\oti.'*—Medico-Chirurgical Review. 
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Prof. Aitken's VfoRKS— {continued), 

AITKEN (William, M.D., F.R.S.) : OUTLINES 

OF THE SCIENCE AND PRACTICE OF MEDICINE. A Text- 
Book, for Students. Crown 8 vo. Second Edition, Price 12/6. 

"Well-digested, clear, and well written, the work of a man conversant with every 
detail of his subject, and a thorough master of the art of ttsucYivag"— British Medical 
youmal. 

" Students preparing for examinations will hail it as a perfect godsend for its ooo- 
ciseness." — A therueum. 

AITKEN (William, M.D., F.R.S.) : The GROWTH 

OF THE RECRUIT, and the Young Soldier, with a view to the 
Selection of " Growing Lads " and their Training. Second Edition in 
preparation. 

" This little work should be in the hands of all instructors of youth, and all employers 
of youthful labour." — Lancet. 

AITKEN (William, M.D., F.R.S.) : OUTLINE 

FIGURES OF THE TRUNK OF THE HUMAN BODY, on 
which to indicate the areas of physical signs in the Clinical Diagnosis of 
Disease. For the use of Students and Practitioners of Medicine. i/6. 

ANSTED (Prof., M.A., F.R.S.) : NATURAL 

HISTORY OF THE INANIMATE CREATION, recorded in the 
Structure of the Earth, the Plants of the Field, and the Atmospheric 
Phenomena. With numerous Illustrations. Large post 8vo. Cloth, 8/6. 



BAIRD (W., M.D., F.L.S., late of the British 

Museum) : 

THE STUDENT'S NATURAL HISTORY ; a Dictionary of the 
Natural Sciences : Botany, Conchology, Entomology, Geology, Miner- 
alogy, Palaeontology, and Zoology. With a Zoological Chart, showing 
the Distribution and Range of Animal Life, and over two hundred and 
fifty Illustrations. Demy 8vo. Cloth gilt, io/6. 

"The work is a very useful one, and will contribute^ by its cheapness and compre- 
hensiveness, to foster the extending taste for Natural Science." — Westminster Review, • 



BROWNE (Walter R., M.A., M. Inst. C.E., M. Inst. 

M.E., late Fellow of Trinity College, Cambridge) : 

THE STUDENT'S MECHANICS : An Introduction to the Study 
of Force and Motion. With Diagrams. Crown 8vo. Cloth. (Nearly 
ready). 

BROWNE (Walter R., M.A.) : THE FOUNDA- 
TIONS OF MECHANICS. Papers re-printed from the "Engineer,*' 
In crown 8vo. Price i/-. 
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WORKS by A. WYNTER BLYTH, M.R.C.S., F.C.S., 

Public Analyst for the County of Devon, and Medical Officer of Health for 

St Marylebone. 

HYGIENE AND PUBLIC HEALTH (A Die- 

tionary of) : comprising over Seven Hundred Articles, and embracing the 
following subjects : — 

I. — Sanitary Chemistry : the Composition and Dietetic Value of 
Foods, with the latest Processes for the Detection of Adulterations. 

II. — Sanitary Engineering : Sewage, Drainage, Storage of Water, 
Ventilation, Warming, etc. 

III.— Sanitary Legislation : the whole of the PUBLIC HEALTH 
ACT, together with sections and portions of other Sanitary 
Statutes (without alteration or abridgment, save in a few un- 
important instances), in a form admitting of easy and rapid 
reference. 

IV. — Epidemic and Epizootic Diseases : their History and Pro- 
pagation, with the Measures for Disinfection. 

v.— Hygiene — Military, Naval, Private, Public, School. 
Roval 8vo., 672 pp., cloth bevelled, with Map, Diagram, and 140 
Illustrations, price 28/-. 



" A work that must have entailed a vast amount of labour and research . . Will be 
found of extreme value to all who are specially interested in Sanitation. It is more than 

Sobable that it will become a Standard Work in Hygi&ne and Public 
EALTH." — Medical Times and Gazette. 



RE-ISSUE OF BLYTH'S ** PRACTICAL CHEMISTRY/ 

In two volumes. 
Vol. I. — Foods : their Composition and Analysis. (Ready,) 
Vol. II. — Poisons : their Effects and Detection. (At Press.) 



The First Volume, " Foods" (thoroughly revised and re-written, and enlarged by the 
addition of New Matter to more than double the number of pages allotted to the 
subject in the original work) is Now Ready. 

In the New Edition will be found a large number of Scientific Processes, either 
invented or improved by the Author, and not previously published ; together with 
Numerous Illustrations from original drawings. Many Tables — some of which are 
indispensable, and others convenient— have al^ been introduced ; and an Article on 
Water has been added by request. 

GENERAL CONTENTS. 

History of Adulteration — Legislation, Past and Present — Apparatus useful to the 
Food Analyst — "Ash*' — Sugar — Confectionery— Honey — Treacle— Jams and IH-eserved 
Fruits — Starches — Wheaten-Flour — Bread — Oats — Barley — Rye — Rice — Maize — Millet 
— Potato — Peas — Chinese Peas — Lentils — Beans — Milk — Cream — Butter — Cheese — ^Tea 
-—Coffee — Cocoa and Chocolate — Alcohol — Brandy — Rum — ^Whisky — Gin — ^Axxack— 
Liaueurs — Beer — ^Wine — Vinegar— Lemon and Lime Juice — Mustard — Pepper — Sweet 
and Bitter Almond — Annatto — Olive Oil — Water — Text of English and American 
Adulteration Acts. 

In Crown Svo., clotht with Elaborate Tables, Folding Litho-P late ^ and Photographic 

Frontispiece^ price i6f. 
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WUl be used by every Analyst"— ZoiKrr/. 
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THE CIRCLE OF THE SCIENCES: 

A SERIES OF POPULAR TREATISES 
ON THE NATURAL AND PHYSICAL SCIENCES, 

And their Applications, 

BY 

Professors Owen, Ansted, Young, and Tennant ; Drs. Latham, Edward 

Smith, Scoffern, Bushnan, and Bronner ; Messrs. Mitchell, Twisden, 

Dallas, Gore, Imray, Martin, Sparling, and others. 

Complete in nine volumes, illustrated with many thousand Engravings on 
Wood. Crown 8vo. Cloth lettered. 5/- each volume. 



Vol. I.— organic NATURE.— Part I. Animal and Vegetable Physiology : 
the Skeleton and the Teeth ; Varieties of the Human Race ; by Professor 
Owen, Dr. Latham, and Dr. Bushnan. 

Vol. 2.— ORGANIC NATURE.— Part II. Structural and Systematic 
Botany, and Natural History of the Animal Kingdom — Invertebrated 
Animals ; by Dr. Edward Smith and William S. Dallas, F.L.S. 

Vol. 3.— ORGANIC NATURE.— Part III. Natural History of the Animal 
Kingdom — Vertebrated Animals : by William S. Dallas, F.L.S. 

Vol. 4.— INORGANIC NATURE.— Geology and Physical Geography, 
Crystallography; Mineralogy; Meteorology, and Atmospheric Pheno- 
mena ; by Professor Ansted, Rev. W. Mitchell, M.A., Professor 
Tennant, and Dr. Scoffern. 

Vol. 5.— PRACTICAL ASTRONOMY, NAVKJATION, AND NAUTI- 
CAL ASTRONOMY ; by Hugh Breem, Greenwich Observatory, Pro- 
fessor Young, and E. J. Lowe, F.R.A.S. 

Vol. 6.— elementary CHEMISTRY.— The Imponderable Agents and 
Inorganic Bodies, by John Scoffern, M.D. 

Vol. 7.— practical CHEMISTRY.— Monographs on Electro-Metallurgy; 
the Photographic Art ; Chemistry of Food and its Adulterations ; and 
Artificial Light ; by George Gore, Birmingham, John Scoffern, 
M.D., Dr. Edward Bronner, Bradford, Marcus Sparling, and 
John Martin. 

Vol. 8.— mathematical SCIENCE.— Philosophy of Arithmetic ; 
Algebra and its Solutions ; Plane Geome^ ; Logarithms ; Plane and 
Spherical Trigonometry ; Mensuration and Practical GeomeUy, with use 
of Instruments ; by Professor Young, Rev. J. F. TwiSDEN, M.A., Sand- 
hurst College, and Alexander Jardine, C.E. 

Vol. 9.— MECHANICAL PHILOSOPHY.— The Properties of Matter, 
Elementary Statics ; Dynamics ; Hydrostatics ; Hydrod3mamics ; 
Pneumatics ; Practical Mechanics ; and the Steam Engine ; by the Rev. 
Walter Mitchell, M.A., J. R. Young, and John Imray. 
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THE CIRCLE OF THE SCIENCES. 



In Separate Treatises. Cloth. 



s. d. 

X. Ansted's Geolc^ and Physical Geography . ."^ 2 6 
a. Breem's Practical Astronomy r 2 6 

3. Bronner and Scoffern's Chemistry of Food and Diet^ 

4. Bushnan's Physiology of Animal and Vegetable Life 

5. Gore's Theory and Practice of £lectro-Deposition . 

6. Imray's Practical Mechanics 

7. Jardine's Practical Geometiy 

8. Latham's Varieties of the Human Species 

9. Mitchell & Tennant's Crystallography and Mineralogy 

10. Mitchell's Properties of Matter and Elementary Statics 

11. Owen's Principal Forms of the Skeleton and the Teeth . 

12. Scoffern's Chemistry of Heat, Light, and Electricity . 

13. Scoffern's Chemistry of the Inorganic Bodies 

14. Scoffern's Chemistry of Artificial Light 

15. Scoffern and Lowe's Practical Meteorology . 

16. Smith's Introduction to Botany : Structural and Systematic 

17. Twisden's Plane and Spherical Trigonometry. 

18. TwiSDfiN on Logarithms 

19. Young's Elements of Algebra 

20. Young's Solutions of Questions in Algebra 

21. Young's Navigation and Nautical Astronomy . 

22. Young's Plane Geometry 

23. Young's Simple Arithmetic 

24. Young's Elementary Dynamics 
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DALLAS (W. S., F.L.S.): 

A POPULAR HISTORY OF THE ANIMAL CREATION : 
being a Systematic and Popular Description of the Habits, Structure, and 
Classification of Animals. With coloured Frontispiece and many hundred 
Illustrations. Crown 8vo. Cloth, 8/6. New Eaition, 

DOUGLAS (John Christie, Mem. Soc. Tel.- 

Engineers, East India Govt Telegraph Department, &c.) : 

A MANUAL OF TELEGRAPH CONSTRUCTION : The 
Mechanical Elements of Electric Telegraph Engineering. For the use 
of Telegraph Engineers and others. Witn numerous Diagrams. Crown 
8vo., cloth, bevelled, 15/-. Second Edition, 

*^* Published with the Approval of the Director-General of Telegraphs in 
India, 

GENERAL CONTENTS. 
Part I.— General Principles of Strength and Stability . 

Part II.— Properties and Applications of Materials, 
Operations, and Manipulation. 
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Douglas's Telegraph Construction — (continued). 

Part III. — Telegraph Construction, Maintenance and 
Organisation. 

"Mr. Douglas deserves the thanks of Telegraphic Engineers for the excellent 
' Manual ' now before us ... he has ably supplied an existing want . . . . . 
the subject is treated with great clearness and judgment .... good practical 
information, given in a clear; terse style." — Engineertng. 

** Mr. Douglas's work is, we^ believe, the first of its kind ' The author is 

evidently a practical Telegraphic Engineer. • •,• • The amount of information given 
is such as to render this volume a most useful guide to any one who may be engaged in 
any branch of Electric -Telegraph Engineering. — Athenaunt. 



•(< 



' The book is calculated to be of j^eat service to Telegraphic Engineers. . . . the 
arrangement is so judicious, that with the aid of the full table of contents, reference to 
any special point should be easy." — Iron. 



GRIFFIN (John Joseph, F.C.S.) : 

CHEMICAL RECREATIONS : A Popular Manual of Experimental 
Chemistry. With 540 Engravings of Apparatus. Crown 4to. Cloth. 
Tenth Edition. 

Part I. Elementary Chemistry, price 2/-, 

Part II. The Chemistry of the Non-Metallic Elements, including a 
Comprehensive Course of Class Experiments, price 10/6. 

Or, complete in one volume, cloth, gilt top, 12/6. 

GURDEN (Richard Lloyd, Authorised Surveyor 

for the Governments of New South Wales and Victoria) : 

TRAVERSE TABLES : computed to Four Places Decimals for every 
Minute of Angle up to 100 of Distance. For the use of Surveyors and 
Engineers. In folio, strongly half-bound, price 30/-. 

*^ Published with Concurrence of the Surveyors-General for New South 
Wales and Victoria. 

*' Mr. Gurden is to be thanked for the extraordinary labour which he has bestowed on 

facilitating the work of the Surveyor An almost unexampled instance of pR>- 

fessional and literary industry."— A thenaum. 

'* Those who have experience in exact Survey-work will best know how to appreciate 
the enormous amount of labour represented by this valuable book. The computations 
enable the user to ascertain the sines and cosines for a distance of twelve miles to within 
half an inch, and this by reference to but One Table, in i>lace of the usual Fifteen 
minute computations required. This alone is evidence of the assistance which the Tables 
ensure to every user^ and as every Surveyor in active practice has felt the want of such 
assistance, few knowmg of their publication will remain without them." — Engitteer. 

" We cannot sufficiently admire the heroic patience ot the author, who, in order to 
prevent error, calculated each result by two different modes, and, before the work was 
finally placed in the Printers' hands, repeated the operation for a third time, on revising 
the proofs. — Engineering. 

"Up to the present time, no Tables for the use of Surveyors have been prepared, 
which, in minuteness of detail, can be compared with those compiled by Mr. Gurden. 

With the aid of this book, the tott of^ calculation is reduced to a minimum ; 

and not only is time saved, but the risk of error is avoided. Mr. Gurden's book has but 
to be known, and no Engineer's or Architect's office will be without a copy.*'— Arvhitett, 

*' A valuable acquisition to those employed in extensive surveys." — Building New$. 

"These Tables are characterised by absolute simplicity, and the^ saving of time 

effected by their use is most material Everyone connected with Engineering 

or Survey should be made aware of the existence of this elaborate and useful set (» 
Tables."— ^wVa^r. 
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LEAKED (Arthur, M.D., F.R.C.P., late Senior 

Physician to the Great Northern Hospital) : 

IMPERFECT DIGESTION : Its Causes and Treatment. Post 8vo. 
Cloth, 4/6. Seventh Edition. 

" It now constitutes about the best work on the subject." — Lancet. 

" Dr. Leared has treated a most important subject in a practical spirit and popular 
manner." — Medical Times and Gazette. 



LINN (S. H., M.D., D.D.S., Dentist to the Imperial 

Medico-Chirurgical Academy ot St. Petersburg) : 

THE TEETH : How to preserve them and prevent their Decay. A 
Popular Treatise on the Diseases and the Care of the Teeth. With 
Plates and Diagrams. Crown 8vo. Cloth, 2/6. 

" All who value their teeth— (and who does not ?>— should study this practical little 
book." 



MOFFITT (StafF-Assistant-Surgeon A., late of the 

Royal Victoria Hospital, Netley) : 

A MANUAL OF INSTRUCTION FOR ATTENDANTS ON 
THE SICK AND WOUNDED IN WAR. With numerous Illustra- 
tions. Post 8vo. Cloth, 5/-. 

♦^* Published under the sanction of the National Society for Aid to the Sick and 
Wounded in War. 

"A work by a practical and experienced author. After an explicit chapter on the 
Anatomy of the Human Body, directions are given concerning bandaging, dressing of 
sores, wounds, &c., assistance to wounded on field of action, stretchers, mule litters, 
ambulance, transport, &c. All Dr. Moffitt's instructions are assisted by well-executed 
illustrations." — Public Opinion. 

NAPIER (James, F.R.S.E., F.C.S.): 

A MANUAL OF ELECTRO-METALLURGY. With numerous 
illustrations. Crown 8vo, cloth 7/6. Fifth Edition^ revised and enlarged. 

GENERAL CONTENTS. 

VI. — ^Deposition of Metals upon ooe 
another. 
VII.— Electro-Plating. 
VI 1 1. — Electro-Gildi ng. 
IX. — Results of Experiments on the 
Deposition of other Metals as 
Coatings. 
X.— Theoretical Observations. 
"A work that has become an established authority on Electro-Metallurgy, an art 
which has been of immense use to the Manufacturer in economising the guanttty of the 

precious metals absorbed, and tn extending the sale of Art Manufactures 

We can Wtily commend the work as a valuable ^landbook on the subject on which it 
XxeaAA. — Journal of Applied Science. ^ ^ 

"Thefact of Mr. Napier's Treatise having reached a>iFTH edition is good evidence 



I. — History of the Art. 
II.— Description of Galvanic Batteries 
and their Respective Peculiarities. 
III. — Electrotype Processes. 
IV. — Bronzing. 

v.— Miscellaneous Applications of 
Process of Coating with Copper. 



the 
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NAPIER (James, F.R.S.E., F.C.S.) : 

A MANUAL OF THE ART OF DYEING AND DYEING 
RECEIPTS. Illustrated by Diagrams and Numerous Specimens of 
Dyed Cotton, Silk, and Woollen Fabrics. Demy 8vo., cloth, 2l/-. 
Third Edition^ thoroughly revised and greatly enlarged. 

GENERAL CONTENTS: 



I. — Heat and Light. 
II.— A Concise System of Chemistry, 

with special reference to Dyeing. 
III. — Mordants and Alterants. 



IV.— Vegetable Matters in use in the 

Dye-house. 
V. — Animal Dyes. 
VI — Coal-tar Colours. 



Appendix— Receipts for Manipulation. 

"The numerous Dyeing Receipts and the Chemical Information furnished will be 

exceedinglv valuable to the Practical Dyer A Manual of necessary reference to 

all those who wish to master their trade, and keep pace with the scientific discoveries of 
ttus time." — Journal 0/ Applied Science. 



In Preparation. Demy 8vo., Third Edition : thoroughly Revised, Augmented, 

and in part Re-written, 

0^ (Wlanuaf of (Beofogg* 

THEORETICAL & PRACTICAL, 

By JOHN PHILLIPS, M.A., P.R.S,, 

Late Professor of Geology in the University of Oxford. 

EDITED BY 

ROBERT ETHERIDGE, F.R.S., 

Palaeontologist to the Geological Survey of Great Britain, President 

of the Geological Society ; and 

HARRY GOYIER SEELEY, F.R.S., 

Professor of Geography in King's College, London. 

With Numerous Tables, Sections, and Figures of Characteristic Fossils, 



The Publishers have much pleasure in announcing that the above important 
work is now at Press, and will shortly be issued. The names of the Editors 
are sufficient guarantee for the thoroughness and high scientific accuracy 
with which the revision has been conducted. While brought fully abreast of 
the most recent developments in Geological Science, the Manual retains 
those features which rendered the former Editions exceptionally efficient both 
for teaching purposes and as a philosophical work of reference, and in no 
case has the method of treatment adopted by the author been needlessly 
departed from. The New Edition will thus be found to maintain in every 
point the prestige of the original work, and to ofifer distinctive features in 
the several departments of Geology and Palaeontology, which are calculated 
to make the present issue an important event in the History of Geological 
Progress. 
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PHILLIPS (J. Arthur, M. Inst. C.E., F.C.S., F.G.S., 

Anden El^ve de r£cole des Mines, Paris) : 

ELEMENTS OF METALLURGY : a Practical Treatise on the 
Art of Extracting Metals from their Ores. With over Two Hundred 
Illustrations, many of which have been reduced from Working Drawings. 
Royal 8vo., 764 pages, cloth, 34/-. 

GENERAL CONTENTS : 
L— A Treatise on Fuels and Refractory Materials. 
II — A Description of the principal Metalliferous Minerals, with 
their DISTRIBUTION. 
III. — Statistics of the amount of each Metal annually produced 
throughout the World, obtained from official sources, or, where 
this has not been practicable, from authentic private information. 
IV. — The Methods of Assaying the different Ores, together with 
the Processes of Metallurgical Treatment, comprising : 

Refractory Materials* Antimony. Iron. 

Fire-Clays* Arsenic. Cobalt. 

Fuels, &c. Zinc. Nickel. 

Aluminium. Mercury. Silver. 

Copper. Bismuth. Gold. 

Tin. Lead. Platinum. 

" ' Elements of Metallurgy' possesses intrinsic merits of the highest degree. Such a 
work is precisely wanted by the great majority of students and practical workers, and its 

very compactness is in itself a first-rate recommendation In our opinion the 

best work ever written on the subject with a view to its practical treatment." — IVett- 
fHinster Review. 

"There can be no |>ossible doubt that 'Elements of Metallurgy* will be eagerly 
sought for by Students in Science and Art, as well as bv Practical Workers in Metals. 

.Two hundred and fifty pages are devoted exclusively to the Metallurgy of 

Iron, in which every process of manufacture is treated, and the latest improvements 
accurately djtXaiX^.— Colliery Guardian. 

" The value of this work is almost inestimable. There can be no question that the 

amount of time and labour bestowed on it b enormous There is certainly no 

Metallurgical Treatise in the language calculated to prove of such general utility to 
the^ Student really seeking sound practical information upon the subject, and none 
which ^ves greater evidence of the extensive metallurgical knowledge of its author." 
'-MtMtfig' yaumoL 

POfRTER : (Surgeon-Major J. H., Late Assistant- 
Professor of Military Surgery in the Army Medical School, and Hon. 
Assoc, of the Order of St. John of Jerusalem) : 

THE SURGEON'S POCKET-BOOK : an Essay on the Best Treat- 
ment of the Wounded in War ; for which a Prize was awarded by Her 
Majesty the Empress of Germany. Specially adapted to the PUBLIC 
Medical Services. With 152 Illustrations, i6mo., roan, 7/6. Stcond 
. Edition^ Revised and Enlarged * 

** Everv Medical Officer is recommended to have the ' Surgeon's Pocket Book ' by 
Surgeon-Major Porter, accessible to refresh his memory and fortify his judgment.** — 
Pricis of Field Service Medical Arrangements /or Afghan War. 

"A complete vade mecum to guide the military surgeon in the field." — BrUieh 
Medical Journal. 

''A capital little book . . . of the greatest practical value. . . . A surgeon 
mth this Manual in his pocket becomes a man of resource at oaot,*'— WestrntMsier 
Review. 

"So fully Illustrated that for Lay-Rbaders and Ambulancs-Work it will prove 
eminently va/tfal."— Medical Times and Gaaette. 
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SOIENTIPIO MANUALS. 

BY 

IV. L MACQUORN RANKINE, CI., LLD., F.R.S., 

Late Regius Professor of Civil Engineering in the University of Glasgow. 

I. RANKINE (Prof.) : APPLIED MECHANICS 

(A Manual of) ; comprising the Principles of Statics and Cinematics, 
and Theory of Structures, Mechanism, and Machines. With numerous 
Diagrams. Crown 8vo. Cloth, 12/6. TentA Edition, 

"Cannot fail to be adopted as a text-book The whole of the infonnation is 

so admirably arranged that there is every facility for reference."— ^mM^ Jomnal, 

II. RANKINE (Prof.): CIVIL ENGINEERING 

(A Manual of) ; comprising Engineering Surveys, Earthwork, 
Foundations, Masonry, Carpentry, Motal-work, Roads, Railways, 
Canals, Rivers, Water-works, Harbours, &c. With numerous Tables and 
Illustrations. Crown 8vo. Cloth, 16/-. Thirteenth Edition, 

" Far surpasses in merit every existing^ work of the kind. As a Manual for the 
hands of the professional Civil En^neer it is sufficient and unrivalled, and even when 
we say this, we fall short of that hi^h appreciation of Dr. Ranldne's labours which we 
should like to express." — The Engineer, 

III. RANKINE (Prof.) : MACHINERY AND 

MILL WORK (A Manual of) ; comprising the Geometry, Motions. 
Work, Strength, Construction, and Objects of Machines, &c. Illustrated 
with nearly 300 Woodcuts. Crown 8vo. Cloth, 12/6. Fourth Edition,, 

" Professor Rankine's 'Manual .of Machinery and Mill work' fully^ nudntains the 
high reputation which he enjoys as a scientific author ; higher praise it is difficult to 
award to any book. It cannot fail to be a lantern to the feet of every engineer."— 
The Engineer. 

IV. RANKINE (Prof.): THE STEAM EN- 

GINE and OTHER PRIME MOVERS (A Manual of). With Diagram of 
the Mechanical Properties of Steam, Folding Plate, numerous Tables 
and Illustrations. Crown 8vo. Cloth, 12/6. Tenth Edition, 

V. RANKINE (Prof.): USEFUL RULES and 

TABLES for Engineers and others. With Appendix : Tables, Tests, 
and FoRMULiE for the use of Electrical Engineers; comprising 
Submarine Electrical Engineering, Electric Lighting, and Transmission 
of Power. By Andrew Jamieson, C.E., F.R.S.E. Sixth Edition, 
{Nearly Ready,) 

" Undoubtedly the most useful collection of engineering data hitherto prodaoed."^ 
Mining youmal, 

VI. RANKINE (Prof.) : A MECHANICAL 

TEXT-BOOK. By Prot Macquorn Rankine and E. F. Bamber^ C.E, 
With numerous Illustrations. Crown 8vo. Cloth, 9/-. Second Edition. 

"The work, as a whole, is very complete, and likely to prove invaluable for fur- 
nishing a useful and reliable outlme of the subjects treated Qi,"^-Mining journal. 
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Prof. Rankine's YJo^RXS-^amimited), 

VIL RANKINE (Prof.) : MISCELLANEOUS 

SCIENTIFIC PAPERS, from the Transactions and Proceedings of the 
Ro3ral and other Scientific and Philosophical Societies, and the Scientific 
Journals. Royal 8vo. Cloth, price 31/6. 

Part I. — Papers relating to Temperature, Elasticity, and Expansion of 
Vapours, Liquids, and Solids. 

Part II. — Papers on Energy and its Transformations. 

Part III. — Papers on Wave-Forms, Propulsion of Vessels, &c. 

With Memoir by P. G. Tait, M.A., Prof, of Natural Philosophy in the 
University of Edinburgh. Edited by W. J. MiLLAR, C.E., Secretary 
to the Institute of Engineers and Shipbuilders in Scotland. With fine 
. Portrait on Steel, Plates, and Diagrams. 

" No more enduring Memorial of Professor Rankine could be devised than the pablica- 
tion of these papers in an accessible form. . . The Collection is most valuable on acconnt 
of the nature of his discoveries, and the beauty and completeness of his analysis. . . . 
The Volume exceeds in importance any work in the same department published in oar 
time." — ArchiUct, 

SEATON (A. E., Lecturer on Marine Engineering 

to the Ro3ral Naval College, Greenwich, and Member of the Institute 
of Naval Architects) : 

A MANUAL OF MARINE ENGINEERING: Comprising the 
Designing, Construction, and Working of Marine Machinery. With 
numerous Illustrations. (Jn preparation^ 



SHELTON (W. Vincent, Foreman to the Imperial 

Ottoman Gun-Factories, Constantinople) : 

THE MECHANIC'S GUIDE : A Hand-Book for Engineers and 
Artizans. With Copious Tables and Valuable Receipts for Practical 
Use. Illustrated. Crown 8vo. Cloth, 7/6. 

GENERAL CONTENTS. 



Part I. — Arithmetic. 
Part II. — Geometry. 
Part III. — Mensuration. 
Part IV. — ^Velocities in Boring and 
Wheel-Gearing. 



Part V.— Wheel and Screw Cut- 
ting. 
Part VI. — Miscellaneous Subjects. 
Part VII.— The Steam Engine 
Part VIII. — The Locomotive. 

*' The Mechanic's Guide will answer its purpose as completely as a whole aeries of 
elaborate textbooks." — Mining JoumaL 

" Ought to have a place on the bookshelf of every Mechanic." — Irvn. 

** Much instruction is here given without pedantry or pretension." — Builder, 

*' A sine quA nan to every practical Mechanic." — Raihaay Service Gtuette, 

*»* This Work is specially intended for Self-Teacherst and places before the Reader a 
concise and simple explanation of General Principles, together with lUustratioDSof ti^ir 
adaptation to Practical Purposes. 
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THOMSON (Spencer, M.D., L.R.C.S, Edinburgh): 

A DICTIONARY of DOMESTIC MEDICINE and HOUSE- 
HOLD SURGERY. Thoroughly revised and brought down to the 
present state of Medical Science. With an additional chapter on the 
Management of the Sick Room ; and Hints for the Diet and Comfort of 
Invalids. Many Illustrations. Demy 8vo., 750 pages. Cloth, 8/6. 
Fifteenth Edition. 

'* The best and safest book on Domestic Medicine and Household Surgery which has 
jret appeared." — London Journal of Medicine. 

** Dr. Thomson has fully succeeded in conveying to the public a vast amount of useful 
professional knowledge." — Dublin J oumcU of Medical Science.. 

** Worth its weight in gold to families and the clergy." — Oxford Herald. 

WYLDE (James, formerly Lecturer on Natural 

Philosophy at the Polytechnic) : 

THE MAGIC OF SCIENCE : A Manual of Easy and Amusing 
Scientific Experiments. With Steel Portrait of Faraday and many hun- 
dred Engravings. Crown Svo. Cloth gilt and gilt edges, 5/-. Third 
Edition. 



t* I 



Of priceless value to furnish work for idle hands during the holidays. A thousand 
mysteries of Modem Science are here unfolded. ^ We learn how to make Oxygen Gas, 
how to construct a Galvanic Battery, how to gild a Medal by Electro-platmg, or to 
reproduce one by Electrotyping, how to make a Microscope or take a Photograph ; while 
the elements of Mechanics are explained so simply and clearly that the most unmechanical 
of minds must understand them. Such a work is deserving of the highest praise." — TAe 
Graphic. 

" To those who need to be allured into the paths of Natural Science by witnessing the 
wonderful results that can be produced by well-contrived experiments, we do not know 
that we could recommend a more useful volume." — Atheneeutn. 
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BRYCE (Archibald HamUton, D.C.L., LL.D., 

Senior Classical Moderator in the University of Dublin) : 

VIRGILII OPERA. Text from Heyne and Wagner. English 
Notes, original, and selected from the leading German, American and 
English Commentators. Illustrations from the antique. Complete in 
One Volume. Fcap. JBvo. Cloth, 6/-. Fourteenth Edition, 

Or, in Three Parts : 

Part I. Bucolics and Georgics •• 2/6 

Part 11. The iCNEiD, Books I.-VI 2/6 

Part III. The iENEiD, Books VII.-XII. ... 2/6 

" Contains the pith of what has been written by the best scholars on the subject. 
Tlie notes comprise everything^ that the student can want."— yJ/A^ixnvm. 

" The most complete, as well as elegant and correct edition of Viigil ever published 
in this country." — Educational Times. 

** The best commentary on Virgil which a student can chXaxci.**^ScotsmaH, 

COBBETT (William): ENGLISH GRAMMAR, 

in a Series of Letters, intended for the use of Schools and Young Per- 
sons in general. With an additional chapter on Pronunciation, by the 
Author's Son, James Paul Cobbett. Fcap. 8vo. Cloth, 1/6. (The 
only correct and authorised Edition,) 

** A new and cheapened edition of that most excellent of all English Gramnars, 
William Cobbett's. It contains new copyright matter, as well as includes the equally 
amusing and instructive ' Six Lessons mtended to prevent Statesmen from writing in 
an awkward manner.'" — Atlas, 

COBBETT (William) : A FRENCH GRAMMAR. 

Fcap. 8vo. Cloth, 3/6. Fifteenth Edition, 

''Business men commencing the study of French will find this treatise one of the 
best aids It is largely used on the Continent." — Midland Counties Herald, 

COBBETT (James Paul) : A LATIN GRAMMAR. 

Fcap. 8vo. Cloth, 2/-. 

COBBIN'S MANGNALL: MANGNALL'S 

HISTORICAL AND MISCELLANEOUS QUESTIONS, for the use 
of Young People. By RiCHMAL MANGNALL. Greatly enlarged and 
corrected, and continued to the present time, by Ingram CobbiN| M.A., 
l2mo. Cloth, 4/-. Fifty-third thousand. New Illustrated Edition. 

COLERIDGE (Samuel Taylor) : A DISSERTA- 

TION ON THE SCIENCE OF METHOD. ( Encychpcedia Metro- 
politana,) With a Synopsis. Crown 8vo. Cloth, 2/-. Ninth Editum, 



EDUCATIONAL PUBLICATIONS, 21 



CRAIEPS ENGLISH LITERATURE. 

A COMPENDIOUS HISTORY OF ENGLISH LITERATURE AND 
OF THE English Language from the Norman Conquest. With 
numerous Specimens. By George Lillie Craik, LL.D., late ^Professor 
of History and English Literature, Queen's College, Belfast. ' In two 
vols. Royal 8vo. Handsomely bound in cloth, 25/-, New Edition. 

GENERAL CONTENTS. 

Introductory. 

I. — The Norman Period — The Conquest. 

II. — Second English — commonly called Semi-Saxon. 

III. — Third English — Mixed, or Compound English. 

IV.— -Middle and Latter Part of the Seventeenth Century. 

V. — The Century between the English Revolution and 
the French Revolution. 

VI. — The latter part of the Eighteenth Century. 

VII. — ^The Nineteenth Century (a) The Last Age of the 

Georges.? 
(b) The Victorian Age. 

With numerous Excerpts and Specimens of Style, 

"Anyone who will take the trouble to ascertain the fact, will find how completely 
even our great poets and other writers of the last generation have already faded from 
the view of the present, with the most numerous, class of the educated and reading 
public. Scarcely anything is generally read except the publications of the day. Ybt 

NOTHING IS MORE CERTAIN THAN THAT NO TRUE CULTIVATION CAN BE SO ACQUIRED. 

This is the extreme case of that entire ignorance of history which has been affirmed, 

not with more point than truth, to leave a person always a child 

The present work combines the History of the Literature with the History of 
THE Language. The scheme of the course and revolutions of the language which is 
followed here is extremely simple, and resting not upon arbitrary but upon natura} 
or real distinctions, gives us the only view of the subject that can claim to be regarded 
as of a scientific cYjOiXiJCtex."— Extract /rom tike Author's Preface, 

" Professor Craik's book going, as it does, through the whole history of the language, 
probably takes a place quite by itself. The great value of the book is its thorough 
comprehensiveness. It is always clear and straightforward, and deals not in theories 
but m facts." — Saturday Review. 

"Professor Craik has succeeded in making a book more than usually agreeable.' — 
The Times. 

craik (Prof.): A MANUAL OF ENGLISH 

LITERATURE, for the use of Colleges, Schools, and Civil Service 
Examinations. Selected from the larger work, by Dr. Craik. Crown 8vo. 
Cloth, 7/6. Eighth Edition, 

" A Manual of English Literature from so experienced and well-read a scholar as 
Professor Craik needs no other recommendation than the mention of its existence." — 
S^ctator. 

" This augmented effort will, we doubt not, be received ^th decided approbation 
by those who are entitled to judge, and studied with much profit by those who want 

to learn If our young readers will give healthy perusal to Dr. Craik's work, they 

will greatly benefit by the wide and sound views he has placed before them."-^ 
Aihenaunt, 
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WORKS by CHARLES T. CRUTTWELL, M.A., 

Fellow of Merton College, Oxford, and Head Master of Malvern College. 

I.— A HISTORY OF ROMAN LITERATURE : from the Earliest 
Period to the Times of the Antonines. Crown 8vo. Cloth bevelled, 8/6. 
Third EdtHon, 

*' Mr. Cruttwbll has done a real service to all Students of the Latin Language 
and Literature. ... Full of good scholarship and good criticism." — Athetugum. 

** X most serviceable — indeed, indispensable— guide for the Student. . . . The 
'general reader' will be both charmed and instructed." — Saturday Review. 

"The Author undertakes to make Latin Literattu« interesting, and he has suc- 
ceeded. There is not a dull page in the volume." — Academy. 

"The great merit of the work is its fulness and accuracy. ' — Guardian. 

" This elaborate and very careful work, in every respect of high merit. Nothing sit 
all equal to it has hitherto been published in England.' — British Quarterly Review. 

Companion Volume. Second Edition. 

II.— SPECIMENS OF ROMAN LITERATURE: from the Earliest 
Period to the Times of the Antonines. Passages from the Works of 
Latin Authors, Prose Writers and Poets : 

Part I. — Roman Thought : Religion, Philosophy and Science, 

Art and Letters. Price 6/-. 
Psut II. — Roman Style : Descriptive, Rhetorical, and Humorous 
Passages. Price 5/-. 

Or in One Volume complete, io/6. 

Edited by C. T. Cruttwell, M.A., Merton College, Oxford ; and 
Peake Banton, M.A., some time Scholar of Jesus College, Cambridge. 

'"Specimens of Roman Literature' marks a new era in the study of Latin." — 
English Churchtnan. 

A work which is not only useful but necessary The plan gives it a 

standing-ground of its own The sound judgment exercised in plan and 

selection calls for hearty commendation. " — Saturday Review. 

"It is hard to conceive a completer or handier repertory of specimens of Latin 
thought and style.' — Contemporary Review. 

CURRIE (Joseph, formerly Head Classical Master 

of Glasgow Academy) : 

HORATII OPERA : Text from Orellius. English notes, original, 
and selected from the best Commentators. Illustrations from the antique. 
Complete in One Volume, fcap. 8vo, cloth, 5/-. 
Or in Two Parts : 

Part L Carmina 3/- 

Part IL Satires and Epistles ... 3/- 

**The notes are excellent and exhaustive." — Quarterly Journal of Education. 

CURRIE (Joseph) : EXTRACTS FROM 

CiCSAR'S COMMENTARIES; containing his description of Gaul, 
Britain, and Germany. With Notes, Vocabulary, &c. Adapted for 
Young Scholars. 1 8 mo.. Cloth, 1/6. Fourth Edition. 

D'ORSEY (Rev. Alex. J. D., B.D., Corpus Christi 

Coll., Cambriage, Lecturer at King's College, London) : 

SPELLING BY DICTATION : Progressive Exercises in English 
Orthography, for Schools and Civil Service Examinations. l8mo. 
Cloth, i/-. Sixteenth Thousand. 
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FLEMING (William, D.D., late Professor m of 

Moral Philosophy in the University of Glasgow) : 

THE VOCABULARY OF PHILOSOPHY : Mental, Moral, 
AND Metaphysical. With Quotations and References for the Use of 
Students. Revised and Edited by Henry Calderwood, LL.D., Pro- 
fessor of Moral Philosophy in the University of Edinburgh. Crown 
8vo. Cloth bevelled, 10/6. Third Edition^ enlarged. 

" An admirable book. . . . In its present shape will be welcome, not only to 
Students, but to many who have long smce passed out of the class of Students, 
popularly so call&di."— Scotsman. 

McBURNEY (Isaiah, LL.D.) : EXTRACTS 

FROM OVID'S METAMORPHOSES. With Notes, Vocabulary, &c. 
Adapted for Young Scholars. i8mo. Cloth, 1/6. Third Edition. 

MENTAL SCIENCE: SAMUEL TAYLOR 

COLERIDGE'S Celebrated Essay on METHOD ; Archbishop 
Whately's Treatises on Logic and Rhetoric. Crown 8vo. Cloth, 
5/-. Tenth Edition. • 

WORKS BY WILLIAM RAMSAY, M.A., 

Trinity College, Cambridge, late Professor of Humanity in the University of Glasgow. 

A MANUAL OF ROMAN ANTIOUITIES. 

For the use of Advanced Students. With Map, 130 Engravings, and 
very copious Index. Revised and enlarged, with an additional Chapter 
on Roman Agriculture. Crown 8vo. Cloth, 8/6. Twelfth Edition, 

GENERAL CONTENTS. 
I. — ^The Topo^aphy of Rome. 
IL — The Origin of the Roman People ; their Political and Social 
Organization ; Religion ; Kalendar ; and Private Life. 
III. — General Principles of the Roman Constitution ; the Rights of 
Different Classes ; the Roman Law and Administration of 
Justice. 
IV. — The Comitia ; Magistrates ; the Senate. 

V. — Military and Naval Affairs ; Revenues ; Weights and Measures ; 
Coins, &c. 
VI. — Public Lands ; Agrarian Laws ; Agriculture, &c. 

" Comprises all the results of modem improved scholarship within a moderate com- 
pass." — A tkerueum. 

RAMSAY (Professor) : AN ELEMENTARY 

MANUAL OF ROMAN ANTIQUITIES. Adapted for Junior Classes. 
With numerous Illustrations. Crown Svo. Cloth 4/-. Seventh Edition. 

RAMSAY (Professor) : A MANUAL OF LATIN 

PROSODY. Illustrated by Copious Examples and Critical Remarks. 
For the use of Advanced Students. Revised and greatly Enlarged. 
Crown Svo. Cloth, 5/-. Sixth Edition. 
"There is no other work on the subject worthy to compete with it." — AtJieTueum. 

RAMSAY (Professor): AN ELEMENTARY 

MANUAL OF LATIN PROSODY. Adapted for Junior Classes. 
Crown Svo. Cloth, 2/-. 
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THE SCHOOL BOARD READERS: 
A New Series of Standard Reading-Books. 

EDITED BY A FORMER n.H. INSPECTOR OF SCHOOLS. 
Adopted by many School Boards throughout the Country. 



Elementary Reading-Book, Part I. — Containing Lessons s. d, 
in all the Short Vowel Sounds. Demy, i8mo., i6 pages. 
In stiff wrapper o I 

Elementary Reading-Book, Part II. — Containing the 
Long Vowel Sounds and other Monosyllables. Demy 
l8mo., 48 pages. In stiff ¥n^pper 02 

Standard I. — Containing Reading, Dictation, and Arith- 
metic. Demy i8mo., 96 pages. Neat cloth . . .04 

Standard II. — Containing Reading, Dictation, and Arith- 
metic. Demy i8mo., 128 pages. Neat cloth . . .06 

Standard III. — Containing Reading, Dictation, and Arith- 
metic. Fcap. 8vo., 160 pages. Neat cloth . . .09 

Standard IV. — Containing Reading, Dictation, and Arith- 
metic. Fcap. 8vo., 192 pages. Neat cloth . . .10 

Standard V. — Containing Reading, Dictation, and Arith- 
metic, with an Explanation of the Metric System and 
numerous Examples. Crown 8vo., 256 pages. Neat 
cloth 16 

Standard VI. — Containing Selections from the best English 
Authors, chronologically arranged (Chaucer to Tennyson), 
Hints on Composition, and Lessons on Scientific Subjects. 
Crown 8vo., 320 pages. Neat cloth . . . .20 

Key to the Questions in Arithmetic, in two parts, each o 6 

*^* Each Book of this Series contains within itself all that is necessary to 
fulfil the requirements of the Revised Code, viz., Reading, Spelling, and 
Dictation Lessons, together with Exercises in Arithmetic for the whole year. 
The paper, type, and binding are all that can be desired. 

" The Books generally are very much what we should desire."— 7V«««r. 

"The Series is decidedly one of the best that have yet appeared." — Alhefutum, 

" The choice of matter is excellent, and so are the method and style."— J^cAm^ 
Board ChronicU, 

"There are no better Reading Books published. • . • The advaaced 
books are gems." — Educational Reporter, 

" Remarkably fresh ; most of the old stereotyped forms have been abandoned. 
The Fifth and Sixth Books are capital productions, and form a valuable epitome of 
English Literature." — Leeds Mercury. 
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THE SCHOOL BOARD MANUALS 

On the Specific Subjects of the Revised Code, 
BY A FORMER H.M. INSPECTOR OF SCHOOLS, 

Editor of the " School Board Readers." 
64 pages, stiff wrapper, 6d. ; neat cloth, *jd. each. 

v.— ANIMAL PHYSIOLOGY. , (WeU 

Illustrated with good Engravings.) 
VI.— BIBLE HISTORY. (Entirely fine 
from any Denominational bias.) 

%• The School Board Manuals contain all that is necessary for passing 
in Extra Subjects in Standards IV., V., and VI. 

"These simple and well- graduated Manuals, adapted to the requirements of the 
New Code, are the most elementary of elementary works, and extremely cheap. 
They are more useful as practical guide-books than most of the more expensive 
'mx\a."—Sta»idard, 



L— ALGEBRA. 
XL— ENGLISH HISTORY. 
IIL— GEOGRAPHY. 
IV.— PHYSICAL GEOGRAPHY. 



SENIOR (Nassau William, M.A., late Professor 

of Political Economy in the University of Oxford) : 

A TREATISE ON POLITICAL ECONOMY : the Science which 
treats of the Nature, the Production, and the Distribution of Wealth. 
Crown 8vo. Cloth, 4/-. Sixth Edition. ( Encyclopcedia Meiropolitana.) 

THOMSON (James) : THE SEASONS. With 

an Introduction and Notes by Robert Bell, Editor of the " Annotated 
Series of British Poets." Foolscap 8vo. Cloth, 1/6. Third Edition, 

** An admirable introduction to the study of our English classics." 

WHATELY (Archbishop) : A TREATISE ON 

LOGIC. With Synopsis and Index. Crown 8vo. Cloth, 3/-. The 
Original Edition. (Encydopeedia Metropolitana.) 

WHATELY (Archbishop): A TREATISE ON 

RHETORIC. With Synopsis and Index. Crown 8vo. Cloth 3/6. The 
Original Edition ( Encyckpiedia Metropolitana. J 

WYLDE (James) : A MANUAL OF MATHE- 

MATICS, rure and Applied. Including Arithmetic, Algebra, Geometry, 
Trigonometry (Plane and Spherical), Logarithms, Mensuration, &:. 
Super-Royal 8vo. Cloth 10/6. 



•^* Specimen Copies of all the Educational Works published by Messrs, 
Charles Griffin ana Company may be seen at the Libraries of the College of 
Preceptors^ South Kensington Museum^ and Crystal Palace ; also at the dep6ts 
of the chief Educational Societies. 
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Works in General Literature. 



BELL (Robert, Editor of the ^' Annotated Series of 

L:;;^ British Poets."): 

GOLDEN LEAVES FROM THE WORKS OF THE POETS 
AND PAINTERS. Illustrated by Sixty-four superb Engravings on 
Steel, after Paintings by David ROBERTS, Stanfield, Leslie, Stot- 
HARD, Haydon, Cattermole, Nasmyth, Sir Thomas Lawrence, 
and many others, and engraved in the first style of Art by FiNDEN, 
Greatbach, Lightfoot, &c. 4to. Cloth eilt, 21/- ; unique walnut 
binding, 30/- ; morocco antique, 35/-. Second Edition. 

" 'Golden Leaves ' is by far the most important book of the season. The Illustrations 
are really works of art, and the volume does credit to the arts of England." — Saturday 
Review. 

"The Poems are selected with taste and judgment.'— TYm^x. 

"The engravings are from drawings by Stothard, Newton, Danby, Leslie, uid 
Turner, and it is needless to say how charming are many of the above here given." — 
AthemjtutH. 

CHRISTISON (John) : A COMPLETE SYS- 

TEM OF INTEREST TABLES at 3, 4, 4^ and 5 per Cent. ; Tables 
of Exchange or Commission, Profit and Loss, Discount, Clothiers', Malt, 
Spirit, and various other useful Tables. To which is prefixed the Mercan- 
tile Ready Reckoner, containing Reckoning Tables from one thirty- 
second part of a penny to one pound. Greatly enlarged. i2mo. Bound 
in leather, 4/6. New Edition. 



THE WORKS OF WILLIAM COBBETT. 

THE ONLY A UTHORISED EDITIONS, 

COBBETT (William): ADVICE TO YOUNG 

MEN and (incidentally) to Young Women, in the Middle and Higher 
Ranks of Life. In a oeries of Letters addressed to a Youth, a Bachelor, 
a Lover, a Husband, a Father, a Citizen, and a Subject. Fcap. 8vo. 
Cloth, 2/6. New Edition. With admirahU Portrait on Steel. 

y Cobbett's great qualities were immense vigour, resource, energy, and courage, 
joined to a force of understanding, a degree of logical power, and above all a force of 

expression, which have rarely been equalled He was the most English of 

Englishmen." —Saturday Review, 

"With all his faults, Cobbett's style is a continual refreshment to the lover of 
* English undeiiled.' "—Pali Mall Gazette. 

COBBETT (William): COTTAGE ECONOMY: 

Containing intormation relative to the Brewing of Beer, Making of 
Bread, Keeping of Cows, Pigs, Bees, Poultry, &c. ; and relative to 
other matters deemed useful in conducting the affairs of a Poor Man's 
Family. New Edition, revised by the Author's Son. Fcap. 8vo. 
Cloth 2/6. Eighteenth Edition, 



GENERAL PUBLICATIONS. 27 



William Cobbett's Yfo^ms-— (continued.) 

COBBETT (Wm.) : EDUCATIONAL WORKS. 

(See page 20.) 

COBBETT (Wm.) : A LEGACY to LABOURERS : 

An Argument showing the Right of the Poor to Relief from the Land. 
With a Preface by the Author's Son, John M. Cobbett, late M.P. for 
Oldham. Fcap. 8vo. Cloth, 1/6. New Edition. 

" The book cannot be too much studied just now." — Nonconformist. 

" Cobbett waSj perhaps, the ablest Political writer England ever produced, and his 

influence as a Liberal thinker is felt to this day .It is a real treat to read his 

strong racy language." — Public Opinion. 

COBBETT (Wm.) : A LEGACY to PARSONS ; 

Or, have the Clergy of the Established Church an Equitable Right to 
Tithes and Church Property ? Fcap. 8vo. Cloth, 1/6. New Edition, 

"The most powerful work of the greatest master of political controversy this country 
has ever produced." — Pall Mall Gazette. 



COBBETT (Miss Anne): THE ENGLISH 

HOUSEKEEPER ; or, Manual of Domestic Management. Containing 
Advice on the conduct of Household Affairs and Practical Instructions, 
intended for the Use of Young Ladies who undertake the superintendence 
of their own Housekeeping. Fcap. 8vo. Cloth, 3/6. 

COOK'S VOYAGES. VOYAGES ROUND 

THE WORLD, by Captain CoOK. Illustrated with Maps and numerous 
Engravings. Two vols. Super-Royal 8vo. Cloth, 30/-. 

DALGAIRNS (Mrs.) : THE PRACTICE OF 

COOKERY, adapted to the business of Every-day Life. By Mrs. 
Dalgairns. The best book fir Scotch dishes. About Fifty new Recipes 
Uave been added to the present Edition, but only such as the Author 
has had adequate means of ascertaining to be valuable. Fcap. Zwo. 
Cloth, 3/6. Sixteenth Edition. 

" This is by far the most complete and truly practical work which has yet appeared 
on the subject. It will be found an infallible 'Cook's Companion,' and a treasure of 
great price to the mistress of a family." — Edinburgh Literary Journal. 

" We consider we have reason strongly to recommend Mrs. Dalgairns' as an econo- 
mical, useful, and practical system of cookery, adapted to the wants of all families, fzx>m 
the tradesman's to the country gentleman's."— -vS/rcto/^r. 
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D'AUBIGNE (Dr. Merle) : HISTORY OF THE 

REFORMATION. With the Author's latest additions and a new 
Preface. Many Woodcuts, and Twelve Engravings on Steel, illustrative 
of the life of Martin Luther, after Labouchere. In one lai^e 
volume, demy 4to. Elegantly bound in cloth, 21/-. 

" In this edition the (nincipal actors and scenes in the great drama of the Sixteenth 
Century are brought vividly before the eye of the reader, by the dull of the artist and 
Engraver. 

DONALDSON (Joseph, Sergeant in the 94th Scots 

Regiment) : 

RECOLLECTIONS OF THE EVENTFUL LIFE OF A 
SOLDIER IN THE PENINSULA. Fcap. 8vo. Cloth, 3/6 ; gilt 
sides and edges, 4/-. New Edition, 

EARTH DELINEATED WITH PEN AND 

PENCIL (The): an Illustrated Record of Voyages, Travels, and Ad- 
ventures all round the World. Illustrated with more than two Hundred 
Engravings in the first style of Art, by the most eminent Artists, including 
several from the master-pencil of GUSTAVE DORlt Demy 4to, 750 pages. 
Very handsomely bound, 21/-. 



MRS. ELLIS'S CELEBRATED WORKS 

On the Influence and Character of Women. 

THE ENGLISHWOMAN'S LIBRARY: 

A Series of Moral and Descriptive Works. By Mrs. ELLIS. Small 
8vo., cloth, each volume, 2/6. 

I.— THE WOMEN OF ENGLAND : Their Social Duties and 

Domestic Habits. Thirty-ninth Thousand, 
2.— THE DAUGHTERS OF ENGLAND : Their Position in 

Society, Character, and Responsibilities. Twentieth Thousand. 
3.— THE WIVES OF ENGLAND: Their Relative Duties, 

Domestic Influence, and Social Obligations. Eighteenth Thou* 

sand. 
4.— THE MOTHERS OF ENGLAND : Their Influence and Re- 
sponsibilities. Twentieth Thousand. 
5.— FAMILY SECRETS; Or, Hints to make Home Happy. 

Three vols. Twenty-third Thousand. 
6.— SUMMER AND WINTER IN THE PYRENEES. * Tenth 

Thousand. 
7.— TEMPER AND TEMPERAMENT; Or, Varieties of 

Character. Two vols. Tenth Thousand. 
8.— PREVENTION BETTER THAN CURE ; Or, The Moral 

Wants of the World we live in. Twelfth Thousand. 
9.— HEARTS AND HOMES ; Or, Social Distinctions. Three 
vols. Tenth Thousand. 
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THE EMERALD SERIES 
OF STANDARD AUTHORS. 

Illustrated by Engravings on Steel, after Stothard, Leslie, David 
Roberts, Stanfield, Sir Thomas Lawrence, Cattermole, &c, 
Fcap. 8vo. Cloth gilt. 

"Particular attention is requested to this very heautifnl series. The delicacy of 
the engravings, the excellence of the typography, and the quaint antique h^ad and 
Uul pieces, render them the most beautiful volumes ever issued from the press of this 
country, and now, unquestionably, the cheapest of iheir class. 

BURNS' (Robert) SONGS AND BALLADS. 

With an Introduction on the Character and Genius of Burns. By 
Thomas Carlyle. Carefully printed in antique t)rpe, and illustrated 
with Portrait and beautiful Engravings on Steel. Cloth, gilt edges, 3/-. 
Second Thousand. 

BYRON (Lord): CHILDE HAROLD'S PIL- 

GRIMACE. With Memoir by Professor Spalding. Illustrated with 
Portrait and Engravings on Steel, by Greatbach, Miller, Lightfoot 
&c., from Paintings by CATTERMOLE, Sir T. Lawrence, H. Howard, 
and Stothard. Beautifully printed on toned paper. Cloth, gilt edges, 
3/-. Third Thousand, 

CAMPBELL (Thomas) : THE PLEASURES 

OF HOPE. With Introductory Memoir by the Rev. Charles Rogers, 
LL.D., and several Poems never before published. Illustrated with Por- 
trait and Steel Engravings. Cloth, gilt edges, 3/-. Secfmd Thousand, 

CHATTERTON'S (Thomas) POETICAL 

WORKS. With an Original Memoir by FREDERICK Martin, and 
Portrait. Beautifully illustrated on Steel, and elegantly printed. Cloth, 
gilt edges, 3/-. Fourth Thousand, 

GOLDSMITH'S (Oliver) POETICAL WORKS. 

With Memoir by Professor SPALDING. Exquisitely illustrated with Steel 
Engravings. Printed on superior toned paper. Cloth, gilt edges, 3/-. 
New EdUion, Seventh Thousand, 

GRAY'S (Thomas) POETICAL WORKS. With 

Life by the Rev. John Mitford, and Essay by the Earl of Carlisle. 
With Portrait and numerous Engravings on Steel and Wood. Elegantly 
printed on toned paper. Cloth, gilt edges, 5/-. Eton Edition^ vnth the 
Latin Poems, Sixth Thousand, 

HERBERT'S (George) POETICAL WORKS. 

With Memoir by J. NiCHOL, B.A. Oxon, Prof, of English Literature in 
the University of Glasgow. Edited by Charles Cowden Clarke. 
Antique headings to each page. Cloth, gilt edges, 3/-. Second Thousand, 
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The Emerald SEKiES—{coHtimuedJ, 

KEBLE (Rev John) : THE CHRISTIAN YEAR. 

With Memoir by W. TEMPLE, Portrait, and Eight beautiful Engravings 
on Steel. Cloth, g^lt edges, 5/- ; morocco elegant, 10/6 ; malachite, 12/6. 
Second Thousand, 

POE'S (Edgar Allan) COMPLETE POETICAL 

WORKS. Edited, with Memoir, by James Hannay. Full-page Illus- 
trations after Wehnert, Weir, &c Toned paper. Cloth, gilt edges, 3/-. 
Thirteenth Thousand, 

Othir volumes in preparation. 



PINDEN'S PINE ART WORKS. 



BEAUTIES OF MOORE : being a Series of 

Portraits of his Principal Female Characters, from Paintings by eminent 
Artists, engraved in the highest style of Art by EDWARD FiNDEN, with 
a Memoir of the Poet, and Descriptive Letter-press. Folio. Cloth gilt, 
and gilt edges, 42/-. 

DRAWING-ROOxM TABLE BOOK (The) : a 

Series of 31 highly-finished Sleel Engravings, with descriptive Tales by 
Mrs. S. C. Hall, Mary Howitt, and others. Folio. Cloth gilt, and 
gilt edges, 21/-. 

GALLERY OF MODERN ART (The) : a Series 

of 31 highly-finished Steel Engravings, with descriptive Tales by Mrs. 
S. C. Hall, Mary Howitt, and others. Folio. Cloth gilt, and gilt 
edges, 21/-. 

FISHER'S READY RECKONER. The best in 

the World. i8mo. Bound, 1/6. New Edition, 

GILMER'S INTEREST TABLES: Tables for 

Calculation of Interest, on any sum, for any number of days, at i, I, 
ii> 2, 2 J, 3, 3 J, 4, 4 J, 5 and 6 per Cent. By Robert Gilmer. 
Corrected and enlarged. i2mo. Roan lettered, 5/-. Sixth Edition, 

GRAEME (Elliott): BEETHOVEN: a Memoir. 

With Portrait, Essay (Quasi Fantasia) " on the Hundredth Anniversary 
of his Birth," and Remarks on the Pianoforte Sonatas, with Hints to 
Students, by Dr. Ferdinand Hiller, of Cologne. Crown 8vo. Cloth 
gilt, elegant, 5/-. Second Edition^ slightly enlarged. 

" This elegant and interesting Memoir The newest, prettiest, and most readable 

sketch of the immortal Master of Music' — Musical Standard. 

"A gracious and pleasant Memorial of the Centenary." — Spectator. 

"This delightful little book — concise, sympathetic, }\xd\.c\oyx&." — Manchester 
Examiner. 
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GRAEME (Elliott): A NOVEL WITH TWO 

HEROES. In 2 vols., post 8vo. Cloth, 21/-. Second Edition. ' 

"A decided literary success." — Athetututn. 

"Clever and amusing......... above the average even of good novels free from 

sensationalism, but full of interest touches the deeper chords of life delinea* 

tion of character remarkably good." — Spectator. 

" Superior in all respects to the common run of novels." — Daily News. 

"A story of deep interest The dramatic scenes are powerful almost to paln- 

fulness in their intensity." — Scotsman. 

HOGARTH : The Works of William Hogarth, in 

a Series of One Hundred and Fifty Steel Engravings by the First 
Artists, with descriptive Letterpress by the Rev. JOHN Trusler, and 
Introductory Essay on the Genius oi Hogarth, by James Hannay. 
Folio. Cloth, gilt edges, 52/6. 

"The Philosopher who ever preached the sturdy English virtues which have made 
us what we are." 

KNIGHT (Charles): PICTORIAL GALLERY 

(The) OF THE USEFUL AND FINE ARTS. Illustrated by 
numerous beautiful Steel Engravings, and nearly Four Thousand 
Woodcuts. Two vols., folio. Cloth gut, and gilt edges, 42/-. 

KNIGHT (Charles): PICTORIAL MUSEUM 

(THE) OF ANIMATED NATURE. Illustrated with Four Thousand 
Woodcuts. Two vols., folio. Cloth gilt, and gilt edges, 35/-. 

MACKETS FREEMASONRY: 

A LEXICON OF FREEMASONRY. Containing a Definition of 
its Communicable Terms, Notices of its History, Traditions, and Anti- 
quities, and an Account of all the Rites and Mysteries of the Ancient 
World. By ALBERT G. Mackey, M.D., Secretary-General of the 
Supreme Council of the U.S., &c. Handsomely bound in cloth, 5/-. 
Sixth Edition. 

" Of Mackey's Lexicon it would be impossible to speak in too hieh terms ; suffice 
it to say, that, in our opinion, it ought to he in the hands of every Mason who would 

thoroughly understand and master our noble Science No Masonic Lodge or 

Library snould be without a copy of this most useful work." — Masonic News. 

HENRY MAYHEW'S CELEBRATED WORK 
ON THE STR EET-FOLK OP LONDON. 

LONDON LABOUR AND THE LONDON 

• POOR : A Cyclopaedia of the Condition and Earnings of those that 
will work and those that cannot work. By Henry Mayhew. With 
many full-page Illustrations from Photographs. In three vols. Demy 
8vo. Cloth, 4/6 each. 

" Every page of the work is full of valuable information, laid down in so interesting 
a manner that the reader can never tire." — Illustrated London News. 

" Mr. Henry Mayhew's famous record of the habits, earnings, and sufferings of the 
London poor. — Lloyds Weekly London Newspaper. 

"This remarkable book, in which Mr. Mayhew jgave the better classes their first 
real insight into the habits, modes of livelihood and current of thought of the iond<Mi 
poor."— T'Atf Patriot. 
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Mr. Mayhew's London Labour— («wi/»w^iO- 

Th£ Extra Vobinu. 

LONDON LABOUR AND THE LONDON 

POOR : Thos* that will not work. Comprising the Non-workers, 
by Henry Mayhew ; Prostitutes, by Bracebridge Hemyng ; 
Thieves, by John Binny; Beggars, bv Andrew Halliday. With 
an Introductory Essay on the Agencies at Present in Operation 
in the Metropolis for the Suppression of Crime and Vice, by tne Rev. 
William Tuckniss, B.A., Chaplain to the Society for the Rescue of 
Voung Women and Children. With Illustrations of Scenes and Locali- 
ties. In one large vol. Royal 8vo. Cloth, 10/6. 

"The work is full of interesting matter for the casual reader, while the philan- 
thropist and the philosopher will mid details of the greatest impoit." — City Press. 

Companion vobtnu to the above, 

THE CRIMINAL PRISONS OF LONDON, 

and Scenes of Prison Life. By Henry Mayhew and John Binny. Illus- 
trated by nearly two hundred Engravings on Wood, principally from 
Photographs. In one large vol. Imperial 8vo. Cloth, 10/6. 

Contents : — General view of London, its Population, Size and 
Contrasts — ProfessiQnal London — Criminal London — Pentonville Prison 
— The Hulks at Woolwich — Millbank Prison — The Middlesex House of 
Detention — Coldbath Fields — The Middlesex House of Correction, Tot- 
hill Fields — The Surrey House of Correction, Wandsworth — Newgate 
— Horsemonger Lane — Clerkenwell. 

"lliis volume concludes Mr. Henry Mayhew's account of his researches into the 
crime and poverty of London. The amount of labour of one kind or other, which the 
whole series of his publications represents, is something almost incalculable.^' — Literary 
Budget. 

*,* This celebrated Record of Investigations into the condition of the Poor of the 
Metropolis, undertaken from philanthropic motives by Mr. Henry Mavhew, first gave the 
wealtmer classes of England some idea of the state of Heathenism, Degradation, and Misery 
in which multitudes of their poorer brethren languished. Hb revelations created, at the 
time of their appearance, universal horror and^ excitement — that a nation, professedly 
Christian^ should have in its midst a vast population, so sunk^ in ignorance, vice, and veiy 
hatred of Religion, was deemed incredible, until further examination established the truth 
of the statements advanced. The result is well known. The London of Mr. Mayhew will, 
happily, soon exist only in his pages. To those who would appreciate the efforts already 
maae among the ranks which recruit our "dangerous" classes, and who vrould learn what 
yet remains to be done, ^e work will afford emightenment, not unmingled with surprise. 



MILLER (Thomas, Author of "Pleasures of a 

Country Life," &c.) : 

THE LANGUAGE OF FLOWERS. With Eight beautifully- 
coloured Floral Plates. Fcap. 8vo. Cloth, gilt edges, 3/6. Fourteenth 

Thousand, 

"Abook ^ 
In which thou wilt find many a lovely saying 
About the leaves and flowers." — Keats* 

MILLER (Thomas) : THE LANGUAGE OF 

FLOWERS. Abridged from the larger work byl THOMAS MlLLER. 
With coloured Frontispiece. Limp cloth, 6</, Cheap Edition, 
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POETRY OF THE YEAR; Or, Pastorals from 

our Poets, illustrative of the Seasons. With Chromo-Lithographs from 
Drawing^s after BiRKET Foster, R.A., S. Creswick, R.A., David Cox, 
Harrison Weir, E. V.B., and others. Toned paper, cloth gilt, elegant, 
price 16/-. New Edition. 

RAPHAEL : THE CARTOONS OF RAPHAEL. 

Engraved on Steel in the first style, of Art by G. Greatbach, after the 
Originals at South Kensington. With Memoir, Portrait of Raphael, 
as painted by himself, and Fac-simile of his Autograph. Folio, elegantly 
bound in cloth. Price io/6. 

SCHILLER'S MAID OF ORLEANS. {Die 

Jungfrau von Orleans,) Rendered into English by Lewis Filmore, 
translator of Goethe's Faust. With admirable Portrait of Schiller, 
engraved on Steel by Adlardj and Introductory Notes. In Crown 8vo., 
toned paper, cloth elegant, gilt edges. Price 2/6. 

SHAKSPEARE : THE FAMILY. The Dramatic 

Works of WILLIAM SHAKSPEARE, edited and expressly adapted 
for Home and School Use. By Thomas Bowdler, F.R.S. With 
Twelve beautiful Illustrations on Steel. Crown 8vo. Cloth, gilt, 10/6 ; 
moi;occo antique, 1 7/6. New Edition, 

*^* This unique Edition of the great dramatist is admirahly suited for 
home use ; while objectionable phrases have been expurgated ^ no rash liberties 
have been taken with the text. 

"It is quite undeniable that there are many passages in Shakspeare which a 
father could not read aloud to his children — a brother to nis sister — or a gentleman to 
a lady ; and every one almost must have felt or witnessed the extreme awkwardness, 

and even distress, that arises hx>m suddenly stumbling upon such expressions 

Those who recollect such scenes must all rejoice that Mr. Bowdler has provided a 
security against their reciurence."— ^<vrf Jeffrey in the ** Edinburgh Review^ 

SHAKSPEARE'S DRAMATIC & POETICAL 

WORKS. Revised from the Original Editions, with a Memoir and 
Essay on his Genius by Barry Cornwall ; and Annotations and 
Introductory Remarks on his Plays, by R. H. HORNE, and other eminent 
writers. With numerous Wooacut Illustrations and full-page Steel 
Engravings by Kenny Meadows. Three vols., super-royal 8vo. Cloth 
gilt, 42/-. Tenth Edition, 

SHAKSPEARE'S WORKS. Edited by T. O. 

Halliwell, F.R.S., F.S.A. With Historical Introductions, Notes, 
Explanatory and Critical, and a Series of Portraits on Steel. Three 
vols., royal 8vo. Cloth gilt, 50/-. 
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MR. SOUTHQATE'S WORKS. 



" No one who is in the habit of writing and speaking much on a variety of subjects 
can afford to dispense with Mr. Southgatb's WfoRKs,"— Glasgow News, 

FIRST SERIES^THIRTY'FIRST EDITION. 
SECOND SERIES^SEVENTH EDITION 

Many Thoughts of Many Minds ; 

Selections and Quotations Irom the best Authors. Compiled and 

Anal3rticall7 Arranged by 

HENRY SOUTHGATE. 

In square 8vo., elegantly printed on Toned Paper. 

Cloth and Gold 12/6 each Vol. 

Library Edition, Roxburghe - - - 14/- ^^ 

Ditto, Morocco Antique - - - - 21/- „ 

Each Series complete in itself y, and sold separately, 

**The produce of years of research." — Examiner. 

"A MAGNIFICENT GiPT-BOOK, appropriate to all times and seasons." — Fteemasatu* 
Magazine. 

" Not so much a book as a library." — Patriot. 

" Preachers and Public Speakers will find that the work has special uses for than." 
—Edinburgh Daily Review. 

BY THE SAME AUTHOR. 



Now Ready, Second Edition, 

SDCGESTIYE THOOCHTS ON RELKJIODS SUBJECTS: 

A Dictionary of Quotations and Selected Passages from nearly 1,000 of 

the best Writers, Ancient and Modem. 

For the Use of the Clergy and Others. 

Compiled and Analytically Arranged by HENRY SOUTHGATE. In 
Square 8vo. Cloth Elegant, 10/6 ; Library Edition, half Roxburghe, 12/- ; 

Morocco Antique, 20/-. 

*' The topics treated of are as wide as our Christianity itself ; the writers quoted fiiom, 
of every Section of the one Catholic Church of JESUS CHRIST."— ^«/Av'j Preface. 

^ "This is another of Mr. Southgate's most valuable volumes. . . . The mission 
which the Author is so successfully prosecuting in literature is not only highly beneficial, 
but necessary in this ase ... if men are to make any acquaintance at all with the 
great minds of the world, they can only do so with the means which otu: Author supplies." 
— Hontilist. 

" A casket of gems." — English Churchman. 

"Mr. Southgate's work has been compiled with a great deal of judgment, and it will, 
I trust, be extensively useful." — Rev. Canon Liddon, D.D.y D.C.L, 

*' Many a busy Christian teacher will be thankful to Mr. Southg^te for haviae un- 
esuthed so many nch gems of thought ; while many outside the ministerial circle will obtain 
stimulus, encouragement, consolation, and counsel, within the pages of this hajxdsraae 
volume." — Nonconformist. 

" The special value of this most admirable compilation is discovered, when attention 
is concentrated on a particular subject, or series of subjects, as illustrated by the various 
and often brilliant lients shed by passages selected from the best authors in aul ages......... 

A most valuable book of reference."— £<A'»^^<^ Daily Review, 
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THE SHILLING MANUALS. 

By JOHN times, F.S.A., 

Author of " The Curiosities of London," &c. 

A Series of Hand-Books, containing Facts and Anecdotes interesting to 
all Readers. Fcap. 8vo. Neat cloth, one shilling each. Second Edition. 



I.— CHARACTERISTICS OF EMINENT MEN. By John Times. 

Bound in neat cloth, price i/-. 
II.— CURIOSITIES OF ANIMAL AND VEGETABLE LIFE. By 
John Times. Neat cloth, price i/-. 

III.— ODDITIES OF HISTORY AND STRANGE STORIES FOR 
ALL CLASSES. Selected and compiled by John Times. Neat cloth, 
price i/-. 

IV.— ONE THOUSAND DOMESTIC HINTS on the Choice of Pro- 
visions, Cookery, and Housekeeping ; new Inventions and Improve- 
ments ; and various branches of Household Management. Written 
and compiled by John Times. Neat cloth, price i/-. , 
v.— POPULAR SCIENCE : Recent Researches on the Sun, Moon, Stars, 
and Meteors ; The Earth ; Phenomena of Life, Sight, and Sound ; In- 
ventions and Discoveries. Written and compiled by JOHN Times. Neat 
cloth, price i/-. 

VI.— THOUGHTS FOR TIMES AND SEASONS. Selected and com- 
piled by John Times. Neat cloth, price i/-. 



Opinions of the Frees on the Series. 

"It is difficult to determine which of these volumes is the most attractive. Wi 
be found equally enjoyable on a railway journey, or by the fireside." — Mining yournaf, 

"These additions to the Library, i)roduced by Mr. Timbs industry and ability , 
are useful, and in his pages many a hint and suggestion, and many a fact of import- 
ance is stored up that would otherwise have been lost to the public." — Builder. 

" Capital little books of about a hundred pages each, wherein the indefatigable 
Author is seen at his best." — Mechanic's Magazine. 

" Extremely interesting volumes.' — Evening Standard. 

"Amusing, instructive, and interesting As food for thought and pleasant 

reading, we can heartily recommend the ' Shilling Manuals.' " — Birmingham Daily 
Gazette, 

TIMBS (John, F.S.A.) : PLEASANT HALF- 

HOURS FOR THE FAMILY CIRCLE. Containing Popular Science, 
One Thousand Domestic Hints, Thoughts for Times and Seasons, 
Oddities of History, and Characteristics of Great Men. Fcap. 8vo. 
Cloth gilt, and gilt edges, 5/-. Second Edition, 

" Contains a wealth of useful reading of the greatest possible \2risX^." —Plymouth 
Mercury, 

WANDERINGS IN EVERY CLIME; Or, 

Vo3rages, Travels and Adventures All Round the World, Edited by 
W. F. AiNSWORTH, F.R.G.S., F.S.A. , &c., and embellished with up- 
wards of Two Hundred Illustrations by the fiist Artists, including 
several from the master-pencil of GusTAVE DOR^. Demy 4to. 800 
pages. Cloth and gold, bevelled boards, 21/-. 



FIRST SERIES.-^THIRTY-FIRST EDITION. 
SECOND SERIES.-^SEVENTH EDITION. 



MANY THOaGHTS OF MANY MINDS 

A Treasury of Reference, oonsisting of Selections from the Writings oi 
the most Celebrated Authors. FIRST & SECOND SERIES. Compile 

and Analytically Arranged 

By HENRY SOUTHGATE. 



In Squarg %vo,, elegantly printed on toned paper. 

Presentation Edition, Cloth and Gold 12/6 each volume. 

Library Edition, Half-bound Roxburghe 14/- 

l5o., Morocco Antique 21/- 

Each Series is complete in itself^ and sold separately. 
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'Maky Thoughts ' &c., is evidently the pro- 
duce of years ol research. We look up any subject 
under the sun, and are prettv sure to find something 
that has been said — generally well said — upon it. 
— Examiner. 

*' Many beautiful examples of thought and style 
are to be found among the selections." — Leader. 

*' There can be litUe doubt that it is destined to 
take a high place among books of this class." — 
Notes and Queries. 

" A treasure to every reader who may be fortunate 
enough to possess it. 

*' Its perusal is like inhaling essences ; we have the 
cream only of the great authors quoted. Here all are 
seeds or gems." — English Journal o/ Education. 

** Mr. Southgate's reading will be found to extend 
over nearly the whole knovm field of literatiuv, 
ancient and modtm."— Gentleman's Magazine. 

" Here is matter suited to all tastes, and illustra- 
tive of all opinions ; m<>rals, politics, philosophy, and 
s )lid information. We have no hesitation in pro- 
nouncing it one of the most important books of the 
s:ason. Credit is due to the publishers for the 
elegance with which the work is got up, and for the 
extreme beauty and correctness of the typography." 
— Morning Chronicle. 

'* Of the numerous volumes of the kind, we do not 
remember having met with one in which the selection 
was more judicious, or the accumulation of treasures 
so truly wonderful." — Morning Herald. 

'* Mr. Southgate appears to have ransacked every 
n.-)ok and corner for gems of thought." — Aliens 
Indian Mail. 

** The selection of the extracts has been made with 
tastCjiudgment, and critical nicety." — Morning Post. 

" This IS a wondrous book, and contains a great 
many gems of thought." — Daily News. 

" As a work of reference, it will be an acquisition 
to any man's library." — Publishers Circular. 

"lliis volume contains more gems of thought, 
refined sentiments, noble axioms, and extractable 
sentences, than have ever before been brought together 
in our language."- 7-/4^ /'ftf/rf.. . 

" Will be found to be worth its weight m gold by 
literary men. "—TA^ Builder. 

" All that the poet has described of the beautifiil in 
nature and art; all the wit that has flashed from 
pregnant minds ; all the axioms of experience, the 
collected wisdom of philosopher and sage, are 
garnered into one heap of useful and well-arranged 
instruction and amusement." — The Era. 
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'The mind of almost all nations and ages of t| 
world is recorded here." — Jahn Bull, 

" This is not a law-book ; but, departing fipom d 
usual practice, we notice it because it is likely to 1 
verv useful to lawyers." — Law Times. 

' The collection will prove a mine rich and iii^ 
haustible to those in search of a quotation." — A 
Journal. 

" There is not, as we have reason to know, a sinj 
trashy sentence in this volume. Open where we vai 
every page is laden with the wealth of profound 
thought, and all aglow with the loftiest inspiration 
genius. To take this book into our hands is li 
sitting down to a grand conversaaone with t 
greatest thinkers of all ages." — Star. 

"The work of Mr. Southeate far outstrips 
others of its kind. To the clergyman^ the auth 
the artist^ and the essayisc, ' Many Thoug;hts 
Many Minds' cannot fail (o render ahnost tncal( 
lable service." — Edinburgh Mercury. 

"We have no hesitation whatever in describi 
Mr. Southgate's as the very best book of the cla 
There is positively nothing of the kind in the langua 
that will bear a moment's . comparison with it." 
Manchester Weekly Advertiser. 

"There is no mood in which we can take it i 
without deriving from it instruction, consolation, ai 
amusement. We heartily thank Mr. Southgate foi 
book which we shall regard as one of our best fiiem 
and companions. "^-C^xm^V^^ Chronicle. 

'* This work possesses the merit of being a ma 
nificent gift book, appropriate to all times ana season 
a book calculated to be of use to the scholar, t] 
divine, or the public man." — Freemasoris Magaziti 

"It is not so much a book as a library of quot 
tions." — Patriot. 

"The quotations abound in x!tiaX thought "v^ai 
is the mainspring of mental exercise."— Z.k'/t^ 
Courier. 

" For purposes of apposite quotation it cannot oi 
surpassed." — Bristol Times. . 

" It is impossible to pick out a single passage in m 
work which does not, upon the face of it, justify it 
selection by its intrinsic merit." — Dorset Chnmiclf. 

•* We are not surprised that a SECOND SERIK 
of this work should have been called for. Mr. South 
gate has the catholic tastes desirable in a good Editor. 
Preachers and public speakers will find that it an 
special uses for them." — Edinburgh Dailv Revtew. 

" The Second Series fully sustains the deserved 
reputation of the FIRST."— 7<7A» BuU. 
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